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PUBLIC NOTICE
LOUISIANA DEPARTMENT OF ENVIRONMENTAL QUALITY (LDEQ)

DRAFT BASIS OF DECISION DOCUMENT FOR THE FINAL REMEDY FOR
CONTAMINATION OF THE PLAQUEMINE AQUIFER IN THE VICINITY OF THE
CITY OF PLAQUEMINE

A.WILBERT AND SONS TRAILER PARK Al NUMBER 81438

The LDEQ), Office of Environmental Assessment, will receive comments on the proposed Draft
Decision-Document for the Final Remedy for. contamination of the Plaquemine Aquifer in the

. vicinity of the City of Plaquemine. The area of contamination extends northward from
north of LA Hwy 1148, southward to Haase Street, westward to the end of west Homestead
Road and eastward to the Mississippi River levee:

.In 1997 and 1998, the Louisiana Department of Health and Hospitals (LDHH) sampled water
wells at the Myrtle Grove Trailer Park in Plaquemine, Louisiana, and detected levels of vinyl
chloride which exceeded Maximum Contaminant Levels (MCLs). Viny! chloride was detected
‘again during the March 2001 sampling event. LDHH notified the Louisiana-Department of
Environmental Quality (LDEQ) on March 29 2001. The LDEQ immediately .began a

 groundwater investigation to determine the source and extent of the contamination. The U.S."
"Environmental Protection Agency (EPA) joined the effort and prov1ded expertise in modeling
dnd an evaluation of the fate and transport of the contaminants in the aquifer.

Written comments regarding this proposed decision may be submitted during the forty-five
(45) day public comment period, to Ms. Soumaya Ghosn at LDEQ, Public Participation Group,
P.O. Box 4313, Baton Rouge, LA 70821-4313. Written comments and/or written requests
for notification must be received by 4:30 p.m., Monday, March 3, 2008. Written comments
will be considered prior to a final decision.

If LDEQ finds a significant degree of public interest, a public hearing may be held. - LDEQ will
send notification of the final decision to the applicant and to each person who has submitted
written comments or a written request for notification of the final decision.

A copy of the draft basis of decision document and the Corrective Action Study are available for
review at the LDEQ, Public Records Center, Room 127, 602 North 5™ Street, Baton Rouge, LA.
Viewing hours are from 8:00 a.m. 10 4:30 p.m., Monday through Friday (except holidays). The
available information can also be accessed electronically on the Electronic Document
Management System (EDMS) on the DEQ public website at www.deq.louisiana.gov.

An additional copy may be viewed at the Iberville Parish Library, Headquarters, 24605 J. Gerald
Berret Bivd., Plaquemine, Louisiana 70764, -

Inquiries or requests for additional information regarding this action should be directed to Ms.
Laurie Peacock, Environmental Technology Division, P.O. Box 4314, Baton Rouge, LA 70821-
4314, (225)219-3393 or Fax (2250 219-3474.

All correspondence should specify Al Number 81438.

Scheduled Publication Date: January 17, 2008
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ORAFT

The Louisiana Department of Environmental Quality’s
Basis of Decision Document
For the .
Final Remedy for
Contamination of the Plaquemine Aquifer in the
Vicinity of the City of Plaquemine

A. Wilbert and Sons Trailer Park
Agency Interest # 81438

Section I Introduction

In 1997 and 1998, the Louisiana Department of Health and Hospitals (LDHH) sampled water
wells at the Myrtle Grove Trailer Park in Plaquemine, Louisiana, and detected levels of viny]
chloride which exceeded Maximum ,Contqmihant Levels (MCLs). Vinyl Chloride was detected
again during the March 2001 -sampling event. LDHH notified the Louisiana Department of
Environmental Quality (LDEQ) on March 29, 2001. The LDEQ immediately began a
groundwater investigation to determine the source and extent of the contamination. The U.S.
Environmental Protection Agency (EPA) joined the effort and provided expertise in modeling
and an evaluation of the fate and transport of the contaminants in the aquifer.

The purpese of the Basis of Decision 1s to identify the proposed remedy for addressing
contamination at the site and explain the reasons for the preference. This document also
describes the remedial options considered in the Remediation Study. With the issuance of the
Basis of Decision;. LDEQ. would like. to -solicit public review and comment. of the alternatives
considered. Public input on all potential remedial alternatives, and on the information that
supports the alternatives, is an important contribution to the remedy selection process. LDEQ
may modify the proposed remedy or select another remedy based on new and/or substantive
information presented through public comments. The public comment period for this Basis of
Decision document begins ~ and ends on . During the public comment period,
written comments -must be postmarked or e-mailed by . Submitted to
laurie.peacock@la.gov or mailed to:

Tom Harris, Administrator

Environmental Technology Division

P.O.Box 4314 ' \
Baton Rouge, LA 70821-4314

LDEQ will address all comments received during the public comment period in the Response to
Comments/Final Decision document (RTC). The RTC will explain LDEQ’s rationale for the
remedy selected to address contamination at the site. The preferred remedy in the Basis of
Decision is a preliminary determination. The final remedy selected by LDEQ will be
implemented through a Cooperative Agreement or Consent Order.
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Section 2 Risk Evaluation

Since becoming aware of the vinyl chloride contamination, the LDEQ has taken actions to
ensure that no private water wells within the area of the contamination are ‘being used for
drinking water or for watering vegetable gardens. This includes door-to-door surveys, public
meetings, and capping of known wells. A

The Plaquemine Aquifer is used as a secondary source of drinking water for the city of
Plaquemine. Safe Drinking Water Act standards are used as acceptable limits for the two
contaminants: cis-1,2-dichloroethylene has an MCL of 70 micrograms per liter (ug/L) and vinyl
chloride has an MCL of 2 ug/L. Four sentinel wells have been installed near the City of
Plaquemine’s water supply wells to act as an advanced warmng system for the movement of the
plume toward the supply wells.

The Study of Treatment Capability for the City of Plaguemine’s Water Treatment (December
2006) reported that the City of Plaquemine’s water treatment facility is currently capable of
. removing vinyl .chloride from influent water and that the acrator can -reduce influent
concentrations of 4 to 6 ppb to below the MCL of 2 ppb. The Study also revealed that any vinyl
chloride in the influent would be subject to a two-step treatment process: aeration through a
multi-cone aerator, which is estimated to remove 53 % to 67% of potential vinyl chlonde then
-subsequent filtering through the granular activated carbon filter system.

Section3 Evaluation of Remedial Alternatives

A Remediation Study was performed to evaluate the long-term need for remediation of the
Plaquemine Aquifer and, if necessary, options for remediation. The Study was to include

- evaluation of,-at a minimum, monitored natural attenuation, chemical injection,- biostimulation,
and no action at all. The plume’s extent is approximately one mile by two miles by 180 feet
below land surface; the highest concentration was 97 ppm (June 2001) and has been dropping
over the six year monitoring period. The majority of the plume is below a heavily developed
area; there is no known continuing source of contaminants.

The Remedial objectives are to permanently reduce vinyl chloride concentrations to at or below
the federal drinking water MCL of 2 ug/L and to prevent vinyl chloride from impacting the
quality of the City of Plaquemine’s secondary drinking water source and throughout the aquifer.
The following remedial alternatives were reviewed:

Monitored Natural Attenuation (MNA) — MNA is a potential option for reduction of the mass
and concentration of contaminants in the environment. Remediation by natural attenuation
depends upon natural processes such as dispersion, dilution, biodegradation, volatilization,
hydrolysis, and sorption to attenuate contaminants. Choosing MNA as the means for
remediation. first requires groundwater modeling to predict when remediation objectives will be
attained. A groundwater monitoring program must be in place as part of the Performance
Monitoring Plan. The success of MNA alone would depend on the natural tendency for the
Constituents of Concern (COC’s) to degrade.
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Several mechanisms exist spatially within the Plaquemine Aquifer allowing for the natural
breakdown of chlorinated compounds: direct aerobic metabolism, where oxygen is present;
reductive dechlorination; iron reduction; and co-metabolic degradation where oxygen and
methane are present. Monitoring wells currently exist in the Plaquemine area that may be used
to monitor parameters indicative of the natural breakdown of chlorinated compounds existing in
the aquifer. This alternative is minimally intrusive, with no extraction of large amounts of water
for holding or processing, and supports the protection of human health and the environment.

The estimated cost for this option is $2,122,690 over a timeframe of twenty years, with an
installation of eleven additional wells in addition to the existing monitoring well network.

Pump and Treat — This remedy would include installation of extraction wells to remove
contaminated groundwater until the remedial goal is met. An extraction_flow_rate of 2000
gallons per minute with a well spacing of approximately 2000 feet would be necessary for a
period of approximately fifteen years. This method would allow the remedial goals to be.met but
would be prohibitive to implement due to the number of wells, location within-a densely
populated residential area and the scale of treatment. The areal extent of the contaminant plume
is approximately one-mile by two-miles. Total groundwater anticipated to be extracted would be
approximately 150 billion gallons over the timeframe of this alternative. Conveyance piping for
the contaminated water from the extraction wells to a treatment plant would be significantly
difficult to plan and install in residential areas. This remedy is not considered to be the best
method due to the cost vs. benefit ratio, the widespread and heavily developed area of the plume,

low concentrations of contaminants and that there is no known continuing source of
contarninants to the piume.

The estimated cost for this option is $123,669,486 over a timeframe of fifteen years. Included in
this cost are: installation of ten 4-inch diameter monitoring wells to approximately 250 feet in
depth;, ten 12-inch extraction wetls 0 approximately 250 feet in depth, plus associatéd pumps,
treatment system, electrical lines and metering, and disposal costs.

In Situ Aerobic Bioremediation — This method uses the injection of hydrogen peroxide or pure
oxygen to biostimulate direct microbial-catalyzed oxidation of vinyl chloride. Instailation and
scope of the system is prohibitive, as well as biofouling of the system over time. This remedy is
not considered to be the best method due to the cost vs. benefit ratio, the widespread and heavily
developed area of the plume, low concentrations of contaminants and that there is no known
continuing source of contaminants to the plume.

The estimated cost for this option is $63,751,377 over a timeframe of five years. Included in this
cost is the installation of: ten 4-inch monitoring wells to a dépth of 250 feet, 33 12-inch
extraction wells to a depth of 250 feet, and 66 12-inch injection wells to a depth of 250 feet.
Additionally, electrical lines and metering must be addressed, as well as piping to/from wells and
installation of a treatment system. :

In Situ Anaerobic Bioremediation ~ This remedial alternative would encompass the injection of a
carbon-rich substrate, such as molasses to biostimulate reductive dechlorination of vinyl
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chloride. A groundwater recirculation system would be used to distribute the substrate in the
aquifer. To apply this remedy over the entire area of the plume would involve a prohibitive
number of injection wells and extraction lines. This remedy is not considered to be the best
method due to the cost vs. benefit ratio, the widespread and heavily developed area of the plume,
the depth to contaminants, low concentrations of contaminants and that currently, there is no
known apparent continuing source of contaminants to the plume.

The estimated cost for this option is $56,605,563 over a timeframe of five years. Similar to in
situ aerobic bioremediation, it would require installation of: ten 4-inch monitoring welis to a
depth of 250 feet, 33 12-inch extraction wells to a depth of 250 feet, and 66 12-inch injection
wells to a depth of 250 feet. Additionally, electrical lines and metering must be addressed, as
well as piping to/from wells and installation of a treatment system and tanks.

Chemical Oxidation — This remedy includes the injection of strong oxidants into the
contaminated zone, Examples of these oxidants include: hydrogen peroxide, Fenton’s Reagent,
permanganate, persulfate, and ozone. The technical difficulties in establishing this remedy are
similar to the pump and treat remedy in that many wells and associated piping would be
required. This remedy is not considered to be the best method due to the cost vs. benefit ratio,
the w1despread and heavily developed area of the plume, low concentrations of contarnmants and
that there is no known continuing source of contaminants to the plume.

Zero-Valent Iron - Zero-valent iron is generally applied as a permeable reactive barrier. Iron
particles can be injected into the aquifer through a line of wells to form this barrier. The zero-
valent iron provides an electron source for dechlorination of vinyl chloride. This technology is
proven in small scale conditions. Wells would need to be placed at intervals throughout the
treatment zone on the order tens of feet; the amount of iron required for the many wells would
also be prohibitive. This remedy is not considered to be the best method due to the cost vs.
benefit ratio, the widespread and heavily developed area of the plume, low concentrations of
" contaminants and that there is no known continuing source of contaminants to the plume.

Section 4 Selection of the Preferred Alternative

For the Basis of Decision, individual corrective measure alternatives are described and evaluated
against criteria outlined in the Guidance on RCRA Corrective Action Decision Documents,
Office of Solid Waste and Emergency Response (OSWER) Directive 9902.6. This guidance
document outlines the four general standards for remedy selection of 1) overall protection of
human health and the environment, 2) attainment of cleanup standards, 3) control of the sources
of releases, and 4) compliance with regulatory standards for hazardous waste management.
There are five criteria used for remedy selection and they are: 1) long-term reliability and
effectiveness, 2) reduction of toxicity, mobility and volume of wastes, 3) short-term
effectiveness, 4) implementability, and 5) cost.

Based on a review of these standards, LDEQ and EPA are proposing Monitored Natural
Attenuation (MNA) as the preferred remedy. MNA is a widely accepted remedial approach
where sources have been addressed and the environment is conducive to natural chemical
breakdown of contaminants. MNA is not a “no action” approach, because it requires long-term
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monitoring to assure that the remedial objectives are met within time frames as predicted by
modeling results.

Following the criteria in Chapter 5 of the Louisiana Revised Statutes, Part V., Monitored
Natural Attenuation (MNA) is the preferred alternative for the overall protection of human health
and the environment as demonstrated by:

» Use of pre-existing monitoring well network;

= Additional wells unobtrusively installed;

* Both technically and administratively straightforward,

v Relatively low cost for additional well installations and sampling over the projected
timeframe of the project.

With the implementation of MNA, LDEQ and EPA will require a Contingency Plan to address
performance of the remedy if results are unacceptable. If the plume reaches the City of
Plaquemine sentinel wells at levels above the MCLs for the constituents of concern, a response
action will take place which will involve the implementation of a more aggressive remedy. The
Contingency Plan will provide options. for correcting the course of the remedy, Wthh may
include a treatment or containment measure. -

Section 5  Summary of Review Criteria

The following discussion profiles the performance of the proposed remedy against the four
general standards for corrective measures and the five remedy decision factors. For a review. of
the other alternatives, see the Attachment.

The LDEQ and EPA have agreed that MNA will meet the overall criteria of protection of human
health and the environment for the following reasons. If concentrations of.vinyl chloride
continue to be below the MCL at the sentinel wells, then the attainment of cleanup standards will
be maintained. Continued sampling and collection of groundwater data will ensure that
predicted attenuation rates are correct, or may serve to show if there are source areas that need to
be addressed. The monitoring program will continue according to regulatory requirements. The
proposed remedy of MNA will have long-term effectiveness as long as degradation is occurring,
Data collected to date reliably show that natural attenuation is occurring, and this process will
continue to occur. The natural breakdown process will result in the reduction of toxicity and
volume of contaminants. MNA does not however, affect the mobility of vinyl chloride in the
aquifer. EPA and LDEQ will rely on the collection of data from the City sentinel wells as an
early warning system to determine the concentration of vinyl chloride near the City public supply
wells. MNA does not prove to have short term effectiveness because it refies on the natural
breakdown processes to occur. Since the pubhc water supply has not been affected, there is not
an urgent need for short term effectiveness. MNA meets the remediation standard of being
protective of human health and the environment, has a reasonable cost vs. benefit ratio, and is
minimalily intrusive, with no extraction of large amounts of water for holding or processing.
This level of remediation is appropriate for the large size and low concentration of the plume and
that there is no known continuing source of contamination.
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Section 6 Performance Monitoring and Review

If the remedy is not effective, a Conringency Plan will be implemented, which may involve a
treatment or containment corrective measure. The Contingency Plan will include corrected
timeframes for achieving the remedial objective.

A requirement of the implementation of the preferred remedial alternative is a Performance
Monitoring Plan to determine the effectiveness of the remedy and to optimize the groundwater
monitoring system for compliance monitoring. The Performance Monitoring Plan will outline a
clear definition of the monitoring frequency, sampling locations and data interpretation.

A Performance Review Plan will outline S-year review of sampling data and comparison to
modeling results to determine if the MNA is moving toward the remedial goal, in the appropriate

timeframes, as suggested in the Remediation Study. It will also include recommendations for- - -~ -----

any needed changes in performance monitoring. The Performance Review Plan will have a clear

decision logic that defines the appropriate response action in the Contingency Plan to implement

when remedial objectives are not being. rnet such as detection of vinyl chloride above MCLs in

_ the sentinel wells and/or a lack of degradatlon of the plume or plume mass. As risk and the
" plume are reduced, a plan for phase-out of performance monitoring will be included.

Section 7 Path Forward

The issuance of this Draft Basis of Decision Document begins a thirty (30} day comment period
that commences on the day of publishing a public notice of the public comment period in the
newspaper of general circulation in Iberville Parish. Comments should be addressed to:

P.O. Box 4314
Baton Rouge LA 70821-4314

The letter should contain the site name, A. Wilbert and Sons Trailer Park, and the Agency
Interest Number (AI) 81438. LDEQ and the EPA will consider the comments and information
submitted during the public comment period and will write a Response to Comments/Final
Decision Document.

Signed this day of 2007

By:

Thomas F. Harris, Administrator Mark Hansen, Chief

Environmental Technology Division _ Hazardous Waste Enforcement Branch

Louisiana Department of Environmental Quality ~ U.S. Environmental Protection Agency
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Remediati()n Study
April 2007
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TAYLOR PORTER

‘ . ANNE J. GROCHET
ATTORNEYS AT LAW Partner
Founded 1912 o (226) 3810248 MO
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Underground Storage April 27,2007
Tanks Division o
via Certified U.S. Mail

Return Receipt Requested o Return Receipt Requested .
~ Receipt No. 7004 1160 0003 2570 9193 Receipt No. 7004 1160 0003 2606 8756
Wilbert F. Jordan, Jr.,-Assistant Secretary , Mark Hansen ‘ ‘
Louisiana Department of Environmental Quahty U.-S. Environmental Protection Agency
Office of Environmental Assessinent Hazardous Waste Enforcement Branch, Chief
P.O.Box 4314 Compliance Assurance & Enforcement Division
Baton Rouge, LA 70821-4314 - Region 6 - Mail Code: 6EN-H

1445 Ross Avenue, Suite 1200 -
Dallas, TX 75202-2733

RE:  Cooperative Agreement between the State of Louisiana, Department of
Environmental Quality, and Umlcd States'Environmental Protection Agency and
The Dow Chemical Company i m the Matter of the Plaquemine Aquifer -
RCRA-06-2005-0906

Dear Mr. Jordan and Mr, Hansen:

Pursuant 10 our discussions with the Departmé’nt, enclosed please find Remediation Study
(April 2007) that is being submitted pursuant to-Section I11. of the Cooperative Agreement.

Thank you for your attention to this matter. "~ - -
Very truly yours,
T OR, PORTER, BROOKS & PHILLIPS L.L.P.
[ 4 '
e J\ Crochet

AJC:dlm

Enclosure

cc:  Louis Buan, LDEQ, via U.S. Mail
Nancy Fagan, USEPA, via U.S. Mail

meﬁ‘.’%ﬁ‘\lm BRCOXS & PHWLLIPS, LLP. Post Orrcs Bax 2471 B Auock Crase Towm Soums 12251 3873221 revernomt
www.aplorponer.com Bavow Roves, Lowsuwa 10821 451 Frorma Seezr {70801) 1215] 3468049 ACsIMLE
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Remediation Study
pursuantjto

Cooperative Agreement Between the State of
Louisiana Department of Environmental Quality
and thé United States Environmental Protection
Agency and The Dow Chemical Company in the
Matter of the Plaquemine Aquifer

) ;

1 s

April 2007

Baﬂelle

The Busmess of Innovahon .

Banelle—Punﬁc Nonhwtsl Divisica
Richland, Washington 99352
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Remediation Study
pursuanll o | -

Cooperative Agreement Between the Slate of Louisiana Department of
Environmental Quality and the United States Environmenta! Protection
Agency and The Dow Chemical Company in the Matter of the
Plaguemine AqQuifer ’

April 2007 -

Battelle—Pacific Northwest Division
Richland, Washington !

.
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Executive Summary

Pursuant to the Cooperative Agreement and in qccbkdance with Battelle's work plan, Battelle has

performed a remediation study. This study eval"uates the long-term need for remediation of the
Plaquemine Aquifer and, as necessary, evaluates options for remediation by identifying currently
available remediation options and then evaluatmg appropnate remediation options including the
four (4) remediation options enumerated in the Coopemnve Agreement: monitoring and natural

aflenuation, chemical injection, biostimulation, and o further action.
|

Specifically, the study finds thal vinyl chloride contarnination exists in portions of the
remediation study area (in the vicinity of Plaquemine, LA) at levels above the Maximum
Contaminant Level (MCL), identifies options to;decrease vinyl chloride concentrations within
the remediation study area 1o levels at or below lhe MCL, and evaluates potential remedial
options identified for the remediation study area’ mcludmg the four (4) remediation options
specified in the Cooperative Agreement. The study concludes that there are no active remedial
options thai are appropriate for the remediation of vinyl chloride contamination to levels at or
below the MCL in the contaminated portions of the remediation study area. Instead, the swdy
concludes that the preferred option is.a Menitored Natural Attenuation remedy.

In reaching the conclusions stated above, the following factors are pertinent:

1. The conventional water quality and sesthetics of water from the Plaquemine Aquifer are
generally poor due to hardness and concenirations of iron. From 1967 until May 16,
2004, the primary source of water for the Cltyﬂof Plaquemine had been from deep wells
owned by the City of Plaquemine and Iocated neat the Port Allen {Louisiana) Lock at the
Intracoastal Waterway. An exception. was the Myrtle Grove Trailer Park, which was not
connected to the City of Plaquemine’s water supply until March 2001. After May 16,.
2004, until present, the City of Plaquemlne has continued to use the Port Allen wells as a
primary water source, but also uses water from pomons of the Plaquemine Aquifer not
contaminated with vinyl chloride as a supplemental water source. Active remediation of
the vinyl chloride contamination in the s:igdy area ‘does pothing to improve the
conventional water quality and aesthetics ‘of the aquifer.

2. More significantly, the Plaquemine Aqu:l‘ér in most of the remediation study area is not
usable for drinking water without Ueatmenl because of the presence of arsenic in excess
of the drinking water standard. The U. S. Enwronmenml Protection Agency (EPA)
identifies arsenic as a significant groundwater contaminant and has recently lowered the
drinking water siandard from SO ppb to 10 ppb. Additionally, the U.S. Department of
Health and Human Services lists arsenic as aumber one in the Priority List of Hazardous
Substances. Further, naturel arsemc-comammg minerals can serve as a continuing source
for arsenic in the groundwater. Applying active remediation for vinyl chloride would
have minimal benefit because this gmundwater mist be treated to remove arsenic in
order to meet drinking water standards. Aclwe refnediation of vinyl chloride in the

it
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remedistion study area does nothing 1o reduce the excessive levels of arsenic to at or
below the MCL. In fact, some potential remedies for viny! chloride may increase the
arsenic concentrations.

. Additionally, active reredies are not feasil;le‘lo apply. The scale of remediation for the *

portions of the Plaquemine Aquifer potennaﬂy contaminated with vinyl chioride above
the drinking water standard results in lechmcal ‘and edministrative issues that render
active remediation technologies unsullable An active remediation operation at such a
scale would require significant industrial- lype activities in residential areas.

. Evaluation of vinyl chloride and groundwaler géochemicnl data available in the

remediation study ponmn of the Plaquémine Aquifer using published EPA protocols for
assessing natural attenvation of groundwater contamination indicates that 1) conditions
are favorable for viny! chloride degradation, and 2) the estimated rate of degradation is
suitable for a Monitored Natural Attenuation (MNA) remedy. The'study indicates that it
is reasonable to expect natural aitenuation processes 1o reduce the vinyl chloride
contamination to levels at or below the MCL in the Plaqueming Aquifer. A site-specific
approach for MNA could be applied, and periodic monitoring would be an cffective
mechanism to ensure that the vinyl chlonde contamination does not expand and does not _
impact ihe City of Plaquemine water supply wells. Thus, MNA is lhe recommended
approach 10 the vinyl chloride contamination.
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1.0 Introduction

The remediation study was prepared pursuant to the, Cooperative Agreement between the State of
Louisiana Department of Environmental Quality and The United States Environmental
Protection Agency ond The Dow Chemical Company in the Matter of the Plaguemine Aquifer
effective October 6, 2004 (Cooperative Agreement). The remediation study area is near
Plaguemine, Louisiana, as shown in Figure 1. Dtﬂ'use vmyl chloride at low concentrations has

‘been detected in the groundwater of the Plaquemme Aqulfer in portions of the remediation study

area. For example, viny! chloride was detected at low levels in the Myntle Grove Trailer Park
well system where the aquifer had been used as a drinking water source, and this situation was
investigated by the Agency for Toxic Substances and Dise'ase Registry (ATSDR). In its May 17,
2004 Health Consultation, the ATSDR concluded: “AILhough exposure occurred, the levels of
the chemicals detected were belaw fevels fikely | 10 result i m adverse health effects. ATSDR has,
therefore, categorized the Myrile Grove Trailer Park site as presenting No Apparent Public
Health Hazard” {(U.S. Department of Healtb and Human Sennces 2004). Ina December |1,
2006 Health Consultation, the ATSDR evaluated wells wnh detectable levels of vinyl chlonide in
the remediation study area and concluded that exposure to water from these wells is unlikely to
result in harmful health effects (U.S. Depanument of Heahﬁand Human Services 2006).
Sampling and analysis of the Plaquemine Aquifer within lhe remediation study area has also
been conducted by the State of Louisiana Department of Enwronmemal Quality (LDEQ), the
United States Environmental Protection Agency (EPA) and The Dow Chemical Company.

The scope of the remediation study was to evaluate both. the long-term need f(or any remediation
of the Plaguemine Aquifer and feasible remediation opuons The eveluation was based on the
study site-specific data. A conceptual model was developed using the site-specilic data 1o
provide & framework for the remediation study. The study ideatified potential remediation
methods and evaluated remedial alternatives against apphcable criteria. The report concludes
wilh a recommendation for remediation of the Plaquemmg: Aquifer.

)

The report is orpanized in five sections: Section | is the ir}uoduction; Section 2 describes the
conceptual model framework and remediation objectives for the remediation study; Section 3
identifies potential remediation methods; Section 4 evaluates the remedial alternatives; and

Section 5 presents the conclusions.
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2.0 Conceptual Model and Remediation Objectives

Section 2.1 identifics the conceptust model of the remediation study area and provides a
framew ork for evatuation of remediation altematives, Remediation objectives are defined in
Section 7. :

2.1 Conceptual Model

The lellowing sections descnbe the conceptual model of the remediation study area for the
purposes of the remedmuon study. The concepal mode! identifics the attributes of the
remediation study area with respect 1o hydrogeology, geochemistry, and contaminant distribution
using stte-specific da ol appropriate quality. The hydrageology is generalized (0 enable
comparative analysis of remediation options, yet honors the site-specific data in establishing the
hydrogeologic seting.

2,11 Reglonal Context

The Plaquemine Aquifer is a regional aquifer of deltaic and alluvial deposits of sand and grovel
underlain by clay/sill lavers of variable thicknesses and spatiai extent. Within the remediation
study area, the Mississippi River channel cuts into the aquifer at the outside of a river bend, and
the river is in hydennlic connection with the nquifer. Saltwater encronchment is not currenty an
issue within the remednamm study area. The aquifer-is highty transmissive, with specific
capactties of water wells rangmg from 6 to 150 gpm per foot of drawdown {Whiteman 1972),

Water quatity from the aquer i poor with the groundwater being hard and containing
troublesome amounts of iton { Whiteman 1972). Water in many areas of the Plaquemine Aquifer
must be wreated prior 10 use as drinking water due (0 the presence of arsenic bove the MCL
{(LDEQ 2002y,

The near surface soils of the remedialion study ares consist of a thin veneer of nalural levee
deposits, underneath which exist backswamp and then lacustrine deposits of the Mississippi
River from the Holocene cra. These backswamp and lacustrine.deposits occur from land surface
10 approximately -80 N mean sea level (MSL - used as equivalcnl to the North American
Vertical Datm of 1988 [ACSM, 1992] in this report) and are composed of horizontal lenses and
seams, and layers of soft- to medium-gray clays, silty clays, and clayey siti and silty sand.
Decayed organic muaterial:l 115 present in some of these loyers. Below these Holocenc deposils s
ihe Plaguemine Aquifer {xhe loeal name for the Mississippi River Alluvial Aqucr) which is
encoumered al approximately <80 {t MSL in the remediation study area. The Plaqueming
Aquifer consists of akemnating coarse~ and fine-grained matenials including deposits of silty sand,
medium-to-coarse sand and gravel, and several laterally large clay layers. The remediation study
is focused on the upper 150-fi-thick portion of the Plaquemine Aquifer {from -80 to -230 f1
MSL) consisting of sandy, material aiid underlain by a clay layer. For the purposes of the study,
this 150-1f portion of the aquifer is simply referred to as'the “Plaquemine Aquifer” in this report,
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The City of Plaquemine uses about 1.3 million ga!lof;é'pér day (MGD) of water. The primary
source of water for the City of Plaquemine is from deep wells owned by the City of Plaquemine
and located near the Port Allen (Louisiana) Lock, approximately 10 miles north of the
remediation study area. This water source is supplemented as needed by water supply wells
outside the area of vinyl chloride contamination and located in the City of Plaquemine. Water
from the City of Plaguemine wells is treated by zeration, clarification, filtration, and chlorination

prior 1o use as a drinking water supply by the city. Although there are three water supply wells
tocated in the City of: Plaquemine, these wells are enly operated one at a time when needed to
supply water to the water treatment facility.

2.1.2  Physlical Confi guration of Aquifer

For the remediation swudy, the Plaquemine Aqulfer was conceptualized as a uniform sandy
aquifer at a depth interval of -80 to -230 ft MSL with 100 ft-of clay/silt top stratum between the
aquifer and the ground surface and underlain by a clay aquitard. There are borehole data that
indicate aquifer materials ranging from silty sand to coarse sand with some gravel. This type of
variation in aquifer properties was assumed not to impact the evaluation of remedies considered
in this study because all of these aquifer materials bave relatively bigh hydraulic conductivity,
and a single hydraulic design across these materials would be suitable to distribute additives or
extract groundwater. Figures 2 and 3 show the conceptual model plan and cross-section view of
the aquifer in the remediation study ares, respectively.

2.3 Hydraulic Conceptual Model

The Plaquemine Aquifer is a confined aquifer. Daia obtained from wells located within the
remediation study area indicate that water elevations al monitoring locations in the Plaguemine
Aquifer range from approxzmalely 210 28 t above MSL. Frequent measurements of water
levels in a dense network of piezometers and wells within the remediation study area show that
flow in the Plaguemine Aqulfer is away from the river at high river siages. During periods of
rapidly declining river stage flow in the Plaquemme Aquifer is either static or very slightly
toward the river, Al lowriver stages, flow is again generally away from the river. The net
groundwater flow direction in the remediation study area is to the west. Pumping at the City of
Plaquemine water supply wells does not signiﬁcan'tl'y change the net direction of groundwater
flow in the portions of the remediation study area where vinyl chloride has been measured at
concentrations greater than the MCL.

Appendix A contains details of the hydraulic conceptual model.

2.14 Contaminant Distribution

The groundwater constituent concentration data considered in the study were compiled from data
in Naymik (2004) and subsequent sampling events. Data from the following sampling events
were blilized; '
¢ U.S. Department of Health and Human Services sampling events at Myrtle Grove wells
conducted 1994, 1997, 1998, 200); "
* LDEQ semi-annual sampling events of wells conducted June 2001 through August 2004,
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Dow sampling events of wells conducted 2001, 2005, 2006;

Dow (South Perimeter Groundwater Smdy) sampllng events of borings conducted 2001,
LDEQ sampling event at Mynle Grove wells conducted 2002; and

Cooperative Agreément sampling events of wells conducted 2005 1o the first quarter of
2007.

Contamination within the remediation study area is currenitly being monitored at nineteen (19)
locations as part of the Cooperative Agreement. Additionally, groundwater samples were
collected and analyzed at six (6) other locations (DEQ FF, DEQ HH, DEQ L, DEQ R, Myrtle
Grove |, Myrtle Grove 2) in the second quarter of 2006. Figure 4 shows the locations in which
the maximum vinyl chloride concentrations exceeded the MCL based on 2006 and first quarter
2007 data, representing the most recent analytical data available at the time of this report.

Chlorinated Contaminants. Naymik (2004) presented historical groundwater constituent data
for the remediation study area available at the time of that report. These data show some
concentrations of vinyl chloride above the drinking watet standard MCL of 2 ppb that are found
sporadically distributed over the remediation study area without a distinct or typical single plume
shape (i.¢., there is no single distinct progression of contaminani concentrations along the
direction of groundwaler flow). Data in Naymik (2004), as well as recent dats, indicate a
significant spatial vaniation in the concentration of viny! chloride lateraily and vertically in the
remediation study area. Because of the diffuse arid von-continuous nature of the contamination

. across the remediation srudy area, the volume and extenl of contaminalion was estimated for
purposes of evaluating remed:al options. Estimation oflt}e treatment volume was conducted in a
conservative manner using the maximum vinyl chloride concentration data from current and
historical data and a standard data interpolation iéchnique. The data interpolation technique uses
linear interpolation based on the concentrations and relative location of each data point in the
aquifer 1o calculate the area where the vinyl chloride conéentration is estimated 1o be 2 ppb or
greater. For the purpose of evaluating remediation technologies in the remediation study, the
thickness of the treatment volume extends from -80 to -230 it MSL in the Plaquemine Aquifer
(150-ft thick). The treaiment volume for the study was calculated as the asea estimated by
interpolation, 4.7E7 f? (e.g., an area ~6000 &t by 8000 ft), multiplied by the 150-R thickness,
resulting in an estimaled treatment volume of 7.0E9 f* (261 million cubic yards). The amount of
groundwater in this treatroent volume is 2.1E9 R* (77 mnlhon cubic yards; 15.8 billion gallons),
calculated using a porosity vatue of 0.3. The method for esumaung the treatment volume of the
coniaminated area is considered conservatively high in terms of meeting the remediation geals
identified for the study.

Within the treaiment volume of the aquifer, data indicate only low concentrations of viny)
chloride with no distinct progression of concentrations such as contaminant plume development
that would be expected to follow the groundwater flow pattem. Vinyl chloride data exhibit a
distribution with isolated pockets of concentration-abave 10 ppb and with no correlation 10 the
targe-scale (>1,500 ft) groundwater flow trends. The presence of ¢is-1,2-dichloroethene (OCE)
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. in the aquifer may be a potential precursor to vinyl chloride in reductive biological
transformation of chlorinated ethene compounds and may influence the concentration of vinyl

chloride over time. However, the DCE is at low concentration (4.5 ppb or less for 200612007
data) and would produce only very low concentrations of vinyl chloride. For instance, using the
maximum DCE concentration data in 2006/2007 (up through January 22, 2007, the most recent
data available at the time of this report), if all of the DCE at a monitoring location were
iomediately converted to vinyl chloride, the resulting vinyl chionde concentration from DCE
would be above the MCL at only 3 of the 25 monitoring locations. At these locations, the viny
chloride concentrations from.DCE conversion would range from 2.4 to 2.9 ppb. This estimate is
conservative because (1) all of the DCE may not degrade to vinyl chloride - DCE can be
degraded to other non-hazardous compounds under the conditions found in the Plaquemine
Aquifer (Bradley and Chapelle 1997, 2000; Chang and Alvarez-Cohen 1996); (2) degradation of
DCE occurs over time, not immediately; and (3) this estimate does not consider concurrent
attenuation of vinyl chloride. Therefore, il is unlikely that DCE would make any significant
contribution to viny! chloride contamination in the remediation study area. .

As shown in Naymik (2004) and in more recent data, DCE concentration data are all below the
MCL of 70 ppb and exhibit a spotty distribution, as do the vinyl chloride data. As such, the data
do not suggest a single source of vinyl chloride or DCE contamination or that there is a
significant continuing source of viny! chloride or DCE contamination. There are no data
_ (Naymik 2004 and more recent data) indicating the presence of higher chlorinaied ethene

. compounds at concentralions above the quantitation limit that may serve as “paremt” compounds
for in situ production of vinyl chloride and DCE by biological transformation processes. The
study evaluated remediation altematives only with respect to remediation of dissotved phase and
associated sorbed phase vinyl chloride (using an equilibrium partitioning relation) and assumed
no new or significant continuing sources of vinyl chloride to the remediation study area.

Arsenic. Arsenic concentrations based on fillered groundwater samples throughout most of the
defined remediation volume exceed the 10 ppb MCL for arsenic (Figure 5). Figure 5 also shows
the small number of localions where arsenic concentration is below the MCL based on available
data. Arsenic is a constituent in many mineral forins, most abundantly in sulfide minerals (e.g.,
pyrite), but also associated with oxide and hydrous metal oxides where the arsenic may be pant of
the mineral structure or o sorbed species (Smedley and Kinniburgh 2002). Daia compiled by the
LDEQ (LDEQ 2005} at three sampling locations for the Mississippi River near Plaquemine,
Louisiana, indicate that the average arsenic concentrations in the river were about 6 ppb between
1978 and 1992 and abouy 1.8 ppb between 1992 and-2004. Arsenic has also entered the
environment &t the ground surface through human activities such as sugar cane farming, cattle
dipping, application as a pesticide (e.g., insects, weeds, fungi), and use as a wood preservative
(Naymik 2004).

Nationally, there are 8 number of aquifers containing arsenic at concentrations above the MCL of
10 ppb (USGS 2000). EPA identifies arsenic as a significant groundwater contaminant and has
recently lowered the drinking water standard from 50 ppb to 10 ppb. Additionally, the

{
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U.S. Department of Health and Human Services recognizes arsenic as a health hazard and lists
arsenic as number one in the Priority List of Hazardous Substances (U.S. Department of Health
and Human Services 2006; ATSDR 2005). Because EPA recognized the increased need for
arsenic treatment due o the lowered MCL for arsenic, a description of treatment processes for
arsenic was recently developed by the EPA in 2002 (EPA 2002a). Groundwaler quality reports
bave been compiled by the LDEQ for the Mississippi River Alluvial Aquifer System. The most
recent groundwater quallty report for the Mississippi River Altuvial Aquifer System (LDEQ
2002) idemified wells with arsenic concentralions above the 10 ppb MCL in the aquifer,
including wells in Iberville Parish. In the remediation study area, about 90% of the wells with
arsenic data (filtered groundwater samples) have concentrations above the MCL. Based on the
prevalence of arsenic contamination above the MCL, groundwater in many portions of the
remediation study area would require treatment prior (o use as drinking water,

4

2,46 Geochemical Conceptual Model

Geochemical data were compiled and evaluated to determyine the prevailing geochemncal
conditions in the remediation study area. Detailed analy51s of these data is presented in
Appendix B. The analys:s supports the conclus:on that while there are individual wells within
the aquifer that have condmons differing from the average geochemical conditions, there are not
large groups of connguous wells that have conditions dlfl‘erenl from the average. Therefore, it is
reasonable to base the remediation study on the 4 average geochem:cal conditions.

I3

2.2 Remediation Objectives .

For the purpose of the remediation study, the remedial action objective will be to permanently
decrease vinyl chloride concentrations to at or below the MCL defined in the federal drinking”
water standards within the remediation study area of the Plaquemine Aquifer (defined as the
aquifer unit at the elevation imerval from approximately -80 to -230  MSL). While the nature
of'the groundwater consutuems as defined in Section 2.1 do not suggest the presence of a single
distinct plume, the information in Section 2.1 provides a basis for setting the context under
which a remediation approach must function. Thus, the remediation altematives will target an
overall reduction in the current vinyl chloride concentrations to meet the remediation objective
within the treatment volume identified in Section 2.1 and to prevent vinyl chloride from
impacting the water quelity of the City of Plaquemine water supply.
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3.0 Potential Remediation Methods

Potentially applicable rcmcﬁiialion methods (Appendix C) were identified based on a review of
technical literature, envircnmental technology dam‘b'ases {e.p.. EPA resources), and Battelle’s
experience for remediation methods that have been used or tested to remediate vinyl chloride at
other sites. The categories listed in Table | were defined based on the types of remediation
methods identified in the feview. This listing provided the siarting point for evaluating remedial
alternatives for application to the Plaquemine Aquifer. The patential remediation methods were
reviewed to determine if they were applicable for the environmental setting in the remediation
study area based on the aﬁpropn‘qte site and contaminant conditions. Remediation methods
found to be potentially applicable for the remediation siudy were then evaluated in accordance
with the criteria outlined in the Louisiana Administrative Code, Title 33, Part VI, Section 509, s
appropriate, Scoping calculations were conducted as needed to define the scale of infrastructure
and quantities of reagents required for each method.
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Table 1. Meihods potentially applicable to remediation of vinyl chloride.

General Category |

Technology Category

"Containment ' [

" | Physical Containment

s Stumy Walls

»  Groul Curbain

»  Sheet Piling
Hydraulic Control

Remova!, Trestment, and Disposal

Excavation {with 8 wide variely of reatment and disposal options)

No Action - = o Not a technology

) Institntional Controls . | Not a technology |
Monitored Narural-Attenuation Monitored Natural Attenustion (MNA)
Ex it Treatment | Pump and Treal

*  Air stripping
¢ Chemical reatmeni
+ Biclogical treatmem

In Situ Treaiment

Chemica) Oxidation

- Reduction by Zero-Valen! lron,

“Air Sparging

{n-Well Air Stripping

Phytoremediation

Actobic Bioremediation”
¢ Biosparging .
*  Dircct m:cmhml-cnlulyzed oxidation trom injected dissolved
~ oxygen
s Acrobic Co-membohsm .
* Injection of Iong-dmtmn OXYRED SOUlCE (S.E., an oxygen release
agenl) |

' Amcrobnc Bioremediation -

s  Soluble subsirate
¢ Injection of long-duration substraie (e.g., a non-aqueous subsirate
such as vegetable oil)

In Situ Thermal Treatment
. Electrical Rmsuncu Heating
» Sicom Heating
. Conductive Healing

| Permeable Reactive Basriers

s Zero-Velent bron

s Acrobic Biobarrier {e.g . injection of Iung—dumuon axygen source
as @ barrier) .

*  Anscrobic Bicbarvier {e.g., m;tcuon of long-dunhon substraic as a
barrier}
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4.0 Screening

4.1 Initial Review of Technologles

Potential remediation melilods were evaluated 1o eliminate those methods that are not
appropriate for application in the environmental settinig of the vinyl chloride contamination
within the remediation study area. Table 2 lists the remediation methods/technology categories
eliminated in this initial review and the reason they were eliminated from further consideration,

Table 2. Remediation methods eliminated in the i_nilial;review of potential remediation methods.

Method/Technology Category
No Action ‘

This option does not prevenl exposure 1o the groundwaler end does nol
provide a means to reonitor contamingtion and assess reduction of viny!
chioride in the equifer.

[nstirutional Controls

This option can prevent éxpesure, but does nol provide & means to
monitor conlamination and assess reduction of vinyl chloride in the
aquifer.

Containment

Because the remediation objective is lo reduce vinyl chloride
concentrations in the equjler, conteinment technologies sre not applicable
for the remediation study,

Removal, Treatment, &nd Dispf}sal

Removal, trestment, ond:disposal technologies arc tarpeted at shallow
contaminalion only and, therefore, are not applicable tor the remediation

study.

Air Sparging

This option is not approptiste for confined aquifers — extraction of vopors

' is nat possible and spreading of contamination may occur dus ta laterel

movemeni of air bubbles,

In-Well Air Suipping

This option requires sulTicicnl vadosc zone thickness 1o separste
git/contaminants from waler and provide hydraulic head for re-injestion.
Also, iron oxidized by aif siripping during air 1ift pumping would be
problematic for the direct water re-injection used in in-well air stripping.

Phytoremediation This aplion is not appropriate beczuse the contamination is too decp.

Biosparging This option is rto! appropriate for confined aquifers ~ extraction of vapors
is not possible and spreading of contamination may otcur due to latera)
movement of sir bubbles,

In Situ Thermal Treatmens This option is not appropriate for confined aquifers with dissoived phase

»  Electrical Resistance Heali.ng
s Stcam Healing
» _Conduclive Heating .

conlamination - extraction of vapors is not possible.

Permeoble Reaclive Bamiers

*  Zero-Valent Iron

»  Acrobic Biobardier (e.g.,
injection of long.duration
OXYgen source as 3 ba;niu)

=  Anzerobic Biobarier(c.g.,
injection of long-duration
subsirate o a barrier)

Trenching is not possible to support these options. The options do not
provide a volumetric treatment. No specific bocation for application of
these oplions is identificd due 10 the disperse nature of the contamination
(e.g., typically these options are deployed 1o reduce contaminant ftux from
b source area of Lo protect a receptor from conlamination).
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4.2 Screening of Remedial Alternatives

Table 3 shows the remedial alteatives considered for the screening. Where needed 1o support
screening, scoping calculations were utilized to define the scale of infrastructure and quantities
of reagents required for implementing a remedial alternative. Screening of these remedial
aliernatives was conducted in accordance with the criteria outlined in the Louisiana
Administralive Code, Title 33, Part VI, Section 509, as appropriate. Section 509 provides that
the technologies first be evaluated with respect to effectiveness (509 C.2.a). [fa technology can
be effective, it is then evaluated with respecl to technical and administrative implementability
(509 C.2.b) and whether it may ultimately prove to be technically and adminisuratively infeasible
to implement (509 C.2.c). Technologies not eliminated based on these criteria are evaluated
based on relative cost (509 C.2.d) and for regulatory requirements (509 C.2.¢). However, even il
specific remedial option§ were eliminated based on the screening critena in Section 509 C.2 a-c,
information on-relative cost (C.2.d) (where a reasonable basis for estimation of cost exists) as
well as regulatory requirements (C.2.¢) is nonetheless presented and discussed. The process used
for evatuating remedial options is consistenl with 40 CFR 300 and related guidance under the .
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA
1980; EPA 1988, 20008). The fotlowing sections describe the scoping calculations and
associated screening eveluation, A discussion of remediation parameter values used in the
celculations can be found in Appendix D.

Tabl§ 3. Remedial altermatives considered in the screening.

Ceneral Category | : Technology Calegory
Monitored Netural Attenustion” | Monitored Natura) Atienuation (MNA)
Ex Situ Trealmeni ‘ Pump and Treat
In Situ Treatment Chemical Oxidotion
Reduction by Zero-Valent [ron
Acrobic Bioremediation

« Direct microbiat-catalyzed oxidation from injected dissolved oxygen
+  Aesobic Co-metabolism
e Injeclion of long-&m'almu oxygen source (e.g.. an 0Xygen relcase agen 1}
Anaerobic Bioremediation -
» Solublc substroic
» Injection of long-duration su'bsual: {c.g., b non-aqueous subsirate such
as vepeteble oll) }

4.2.1 " Monitored Natural Attenuation

Monitored Natusal Atlénunuon (MNA) is o remedy defined by the EPA Office of Solid Wasle
and Emergency Response (OSWER) in “Use of Monitored Natural Attenuation at Superfund,
RCRA Corrective Action, and Underground Storage Tank Sites” (OSWER Directive
9200.4.17P; EPA 1999). The OSWER MNA Directive defines natural attenuation processes
included in an MNA approach as follows:

The “natural attenuation processes ™ that are at work in such a remediation approach
[MNA] inciude a variety of physical, chemical, or biological processes that, under favorable

14
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. conditions, act without human intervention to reduce the mass, toxicity, mobility, volume, or
concentration of coniaminants in soil or groundwater. These in situ processes inciude
biodegradation; dispersion; dilutlon; sorption, volatilization, radioactive decay; and
chemical or biological stabilization, transformation, or destruction of contaminants.

MNA is an accepted remediation method implemented at numerous sites across the U.5. (e.g,
see the following compilations of data from mulviple ield sites: Aronson and Howard 1997,
Saleem 1999; Suarez and Rifai 2004; McGuire et al, 2004). Use of natural processes with no
significant energy requirements and the associated negative environmental impact of energy use
{e.g., green house gases) are important benefits of MNA. Other key benefits cited for MNA
compared 10 other remedies include implementation with minimally intrusive activities, no
extraction and handling of Jarge quantities of contaminatéd media such that lesser volumes of
remediation waste are generated, reduced risk of exposure to contaminants or other hazards
associated with remediation during construction and operation, reduced potential for cross-media
transfer of contaminants, reduced disturbances to ecological receptors, and remediation based on
environmentally friendly in situ processes (EPA 1999).

Natural attenuation of vinyl chloride in the Plaquemine Aquifer is likely occurring via several
mechanisms. Regimented monitoring during MNA implémentation would further define the
specific natural attenuation processes. Biologically mediated degradation of vinyl chioride
relevant to the Plaquemine Aquifer has been documented, and existing information suggests that
several potential biological natural attenuation processes occur within the Plaguemine Aquifer.

. Processes present may include: (1) degradation of vinyl chloride through ditect aerobic
metabolism when dissolved oxygen is present (Harimans and de Bont 1992); (2) degradation of
vinyl chloride under reduced geochemical conditions by feductive dechlorination (DeBruin et al.
1992; Freedman and Gosseut 1989): (3) coupled degradation of vinyl chloride to anaerobic
respiration processes, such as iron reduction, under reduced geochemical conditions (Bradley
and Chapelle 1997); and (4) when oxygen and methane are present, co-metabolic degradation
process using monooxygenase enzymes produced for consumption of methane (e.g., Chang and
Alvarez-Cohen 1996). The relative rate and extent of these processes would vary at different
spatial localions depending on the variation in geocﬁéiﬁic:il'conditions observed across the area
leading 10 potentially difTerent Lypes of altenuation at dnﬂ'erem well locations, For instance,
some areas have levels of dissolved axygen conducive to dnrect aerobic metabolism of vinyl
chlonide. In other areas, the geochemical data indicate m_ore reduced conditions thai are
conducive to anzerabic metabolism or reductive dechlonination. At the intersections of the
oxidized and reduced areas, conditions are conducive to aerobic co-metabolism.

Physical mechanisms can also act on vinyl chloride within the aquifer to reduce its
concentration, These physical mechanisms include adsorption 10 aquifer materials, dispersion,
and dilution.

The vinyl chloride data set is spatially extensive for the pirposes of assessing contamination in
the Plaquemine Aquifer. The levels of vinyl chloride vary among wells in the remediation swdy
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area. Eight monitoring wells with vinyl chloride data above 2 ppb (DEQ FF, DEQ HH, DEQ L,
DEQ R, DEQ VV, Myrtle Grove | and 2, and PZ-34) have vinyl chloride daia collected over a
relatively long time {rame, i.¢., from 2001-2006, and, for this reason, were selected o estimate
uends in concentration over time. Data from 5 of the 8 wells show a clear decline in vinyl
chloride concentration from 2001 through 2006. Of the remaining 3 wells for which the data do
not show a decline, two of these three wells are located in close proximity to other wells that do
show a decline in viny! chlonde concentrations, Thus, data from these B wells show that, on
average, vinyl chloride concentrauons have declined from 2001 10 2006. While the vinyl chlonde
concentration has not declined in ail of the wells within the remediation study area, the trend of
decreasing vinyl chloride concentration at the 8 wells having vinyl chloride data collected over
the longest time frame - in addition to the extensive geochemical data indicating that the overall
conditions in the aquifer are conducive to MNA — suggests that MNA is a viable remedy and that
vinyl chloride concentrations are expecied to decrease over time.

To assess whether MNA can meet the remediation obJecuves within a reasonable timeframe, site-
specific data at the 8 wells (identified above) with vinyl chloride conceatration data over a 5-year
timeframe were evaluated 10 esiimate the remednauon timeframe. Though concentralions at
individual well locations vary, it is appropriate to uuhze average atlenuation rales to estimale a
remedia) time period for evaluation purposes. For these 8 wells, on average, the vinyl chlonde
concentration has declined by 14.1 ppb (using an average of the highest measured value at each
well for 2001 and for 2006 and then computing the difference between these average values),
comesponding 10 a half-life of about 4.6 years (EPA 2002b). The viny) chloride concentration in
the well with the highest historical measured concentration within the remediation study area
(well DEQ VV) has varied, but overall, concentrations have declined from 97 1o 42.5 ppb over the
last 5 years (2001 1o 2006, based on the highest measured value at the well in each year),
comesponding to a half-life of about 4.2 years (EPA 2002b). For comparison, an exponential
regression of all the available dala for this well from 200} through 2006 was conducied (i.c., 8
best fit 10 all of the data a1 well DEQ VV with an equation based on a first-order decay of vinyl
chloride as is asswmned in estimating a half-life) and 8 1.5 year half-life at well DEQ VV was
calculated (EPA 2002b). These estimated attenuation rates fall well within the.published half-life
range from studies that compiled viny) chloride atienuation rates under anacrobic conditions
computed using field data from multiple sites (Aronson and Howard 1997; Saleem 1999; Suarez
and Rifai 2004). Thus, the current indications of the trend in vinyl chloride contaminant
concentrations indicate that vinyl chloride could be attenuated within a period of 19 10 21 years
from a concentration of 42.5 ppb to the MCL (42,5 ppb was the highest viny! chloride
concentration observed in the last groundwater snmplmg reported io the remediation study data
set).

Implementation of an MNA remedy for the Plaquemine Aquifer would use a sile-specific
approach that meets the requirements of the OSWER MNA Directive (EPA 1999). Appendix E
describes how the OSWER requirements can be addressed in this type of approach using the
information and monitoring available within the remediation study area. The site-specific
approach would be defined in a work plan that would be used 10 guide implementation of the
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. MNA remedy. A work plan would be prepared to describe the expected performance of the
MNA remedy using the existing conlaminant, geochemlcal and hydrogeologic data, Based on
this estimated perfonnance a monitoring plan would be described in the work plan 1o identify
the location, anelytes, and frequency of analyses that would be necessary to monitor the remedy
and to provide sufficient information 10 evaluate the progress of MNA toward the remediation
objectives, Implementation of MNA would involve periodic monitoring of groundwater for the
appropriate constituents (e.g., vinyl chloride, cis-1,2-dichloroethene, and indicators of
geochemical conditions) with periodic review of the monitoring results, typically a 5-yr review
cycle as is used for remediation projects conducted under CERCLA guidance. Elements of the
monitoring plan would include demonstrating that natural attenuation processes are occurring,
identifying the products from attenuation reactions, moniforing to easure aquifer conditions
remain conducive to aitenuation, and venfymg lhat the area of contamination is not expanding or
that new contaminant releases are not ocowTing: (see also Appendix E). At the $-yr review, the
monitoring results would be compared to the expected progress of natural attenuation (e.g.,
expecled decrease in vinyl chioride concentration in 5 years) and to the remediation objectives,
If the results indicated unacceptable attenuation for a specific portion or portions of the aquifer in
the remediation study area, the review would include congideration of potential contingency
actions. As described in the OSWER MNA Directive, (EPA 1999), a contingency plan would be
included in the work plan to identify the process that .would be initiated to determine an
appropriate action, if necessary, based on the ongoing evaluation of the MNA remedy with

‘ Tespect to the remediation.objectives. For instance, the contingency plan may inctude potential’
actions such as additional chamcterization and momtonng, further assessment of reatment

. options for targeted zones in the aquifer, and laboratory or field weatbility tests of potential
wreatment options. The contingency action would be selected depending on the nature of the
manitoring results and would be targeted to that specific portion or portions of the aquifer in the
remediation study area where the results indicated that MNA was not working,

Assessment

Effectiveness: The MNA remedy is expecied to be effective in meeting the remediation
objectives (Section 2.2) with respect to vinyl chloride conlamination. Attenuation processes
would not produce hazardous products from vinyl chloride. Altenuation of the cis-1,2-
dichloracthene present in the aquifer by reductive dechlorination would produce vinyl chloride,
but only at very low concentrations (see Section 2.1. 4). As with the active remedies, arsenic in
the aquifer is not addressed with natural atlenuation.

Impiementability. MNA is a demonstrated process with full-scale equipment (e.g., for
monitoring) and remediation services available. MNA is administratively implementable. No
specific permits or waivers are required and no significant administrative issues are presented.

Infeasible Alternarive: MNA is technically and administratively feasible to implement.

Relative costs and regulatory requirements are not neéé;ﬁry for this evaluation because no other
remedy except MNA is retained alter screening in eccordance with LAC 33:509 C.2. However,
. even though evaluation of relative costs and regulatory requirements are not necessary pursuant
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. to section 509, relative cost and regulatory requirements for MNA are presented and discussed
: below as additional information.

Relative Cost; Relative cost is low for MNA because there are no significant cost factors for
implementation and operation (Appendix F). Only incremental costs above the cost of the
current monitoring well neftworl_c and aquifer sampling program would be required.

Regulatory Requiremenis:, MNA is expected to meet ihé MCL for viny] chloride, which is the
relevant regulalory requlremenl for the remedlauon study.

Based on thls screening, MNA is.retained as a potentla] remedy for vinyl chloride contamination
in the Plaquemme Aquifer.

4.2.2 Pump-and-Treat

Pump-and-Treat (P&T) systems use wells to extract groundwater from the aquifer. Extraction
wells would be installed in locations to capture vinyl chloride contamination, Buried conveyance
piping would then move lhe extracted groundwater o one or more treatment plants where it is
then treated as needed o remove contaminants and other constituents in the waler 10 meel
discharge requirements. Use of air stripping would be a presumptive treaiment 1o remove vinyl
chloride from the water; An arsenic treaunent system, if necessary 1o meet discharge
requirements, would be based on EPA puidance describing arsenic treatment technologies (EPA
2002a). Typical ireatment would include chemical precipitation for arsenic (EPA 2002a) and air
stripping, potentially withactivated carbon treatment of vapor emissions for the vinyl chloride

. (EPA 2008, Suthersan 1999) The chemical precipitation system for arsenic would consist of
oxidation pre-treatment, pH adjustment and rengent addition followed by flocculation and
clarification systems similar to that used in standard water treatment systems for removal of
unwanted inorganic compounds (EPA 2002a). Sludge from the precipitation process would need
10 be dewatered and disposed in an appropriate landfill as dictated by the'concentrations of
hazardous compounds in the sludge (e.g., arsenic) (ERA 2002a). For comparison, the size of the
ireatment system would be about 10 times larger than the current City of Plaquemine water
treatment facility. The air stripping operation would be designed to.allow vinyl chloride to be
removed by volatilization from the extracted water. There are multiple air stripper designs that
may potentially be sulwble (Suthersan 1999). If necessary, a vapor-phase granular activated
carbon unit could remove 'the contaminants from the ait stream by sorption to the carbon. Afler
reaching its capacity for sorption of the contaminant, the carbon would then be disposed ina
land(ll or regenerated using industry-standard techniques.

! B
The well network design for a P&T system must consider capture of the groundwater in the
presence of the regional gradient, effects of water recharge boundaries such as the Mississippi
River, and logistical constramts for well and treatment system location (e.g., city infrastructure
for electrical power supply and underground utilities and the need for use of private property).
Up 10 10 or more pore vo}umes of water may need to be extracted to decrease contaminant
concentrations below the remediation goal (Cohen et al. 1997). The number of pore volumes
needed depends on the initiat concentration, extraction efficiency, and the sorption properties of
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the contaminant/aquifer solids. For 10 pore volumes of gfoundwaler extraction, a P&T system
for the treatment volurce would need to treat apprommalely 150 billion gallons of water over the
duration of remediation. AL an extraction flow rate of 2000 gpm and with a well spacing of
2000 f (Appendix G), 2 P&T system is expected to require 10 extraction wells located
throughout the treatment volume to provide treatment within an estimated 15-year operational
period if wells can be mstalled as discussed below and if locations appropriate for efficient
capture of vinyl chloride. Before treatment operations can begin, installation of the P&T wells
and treatment system itseff would likely require at least l to 2 years. Further, this | 10 2 year
installation period would not include the upfront time reqmred 1o design Lhe system and ta obtain
permits, and 10 acquire property and/or access rights or nghl of ways, Additional schedule
delays and performance issues may occur if design locations for the P&T system cannot be used
due to property or permit related issues. ©

The design of a P&T system must be based on analysis of groundwater flow and contaminant

capture. At the well locations, a working area would be'cleared to accommodate drill rods,
drilling waste management, well completion materials, and space for the drill rig. It is expecled
that 2 drill rig would require several weeks of operation 1o complete each well. Ateach well, a
pumping system and 480 volt electrical power supply sysiem would be required. Afler the well
is instalted, a series of staridard well development procedures would be conducted to prepare the

well for long-term pumping. These procedures involve pumping from the well and managing the
extracted water, which will initially comain a s:gmﬁcam amouni of sediment. Each pumping

well would require access for maintenance. Water pumpcd from each well would need to be

_ transported to the treatment plant via piping, and the pnple network may require complex right of

ways and/or acquisition of property from landowners. - The treatment plant would be construcied
at a suitable site. Trenching for installation of conveyarice piping would be conducted along the
path between each well and the treatment plant. Relatively large diameter pipe would be
required due to the high pumping rate with the actual diameter dependent on the flow rate, the
length of pipe, and the number of fittings and pipe bends along the route. During trenching and
conveyance piping mslallanon utility interferences and street disturbances would peed to be
addressed. Once the system is fully constructed, initial testing and potentially continued well
development would be required. Following initial operdtions, cleaning of the system may be
required depending on the amount of sediments ia the mmal water extrected from the wells.
Long-term operations would then commence. For opemuon of the treatment plant, trucking
would be used Lo bring chemlcal_s {e.g., for the precipitaiion sysiem) to the plant and take waste
sludge away from the plant. Periodically (likely on an annual basis), well maintenance for
biofouling and mechanical electrical componeats would be required at each well.

Assegsment

Effectiveness: P&T is likely able to meet the remediation objectives (Section 2.2) with respect to
vinyl chloride contamination, but significant difTiculties may be incurred due 1) to the proximily
to and hydraulic connecuon with the Mississippi River.and 2) the large scale of the reatment.
Operation may require extraction of many pore volumes {Cohen et al. 1997). P&T would have
minimal impact on long-term groundwater arsenic conc;cntmuons due to the presence of arsenic
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in the equifer solids. While P&T will extract and remove arsenic with ibe groundwater, arsenic
on the aquifer solids cannot be effectively extracted and will continue to be released gver time
into the groundwater.

Implementability: P&T is a demonstrated process with full-scale equipment and remediation
services available. Administrative implementability of P&T is very difficult due to significant
construction and operational issues. Installation of conveyance piping to move contaminated
water from the wells to the treatment plant is expected-to cross multiple existing utilities, both
underground and above ground. Interference with existing buried utilities would require
permission outside of the administrative jurisdiction of the environmenta) regulatory agencies. It
is likely that there would be significant difficulty and related schedule delays in obtaining the
pecessary permits aod in aequining needed property and/or property right of ways, The difficuity
is exacerbated by the significant uiility disturbances related to the extensive P&T infrastructure
that would be required. The well network design to efficiently capture vinyl chloride
contamination would require locé_ling wells and conveyance piping in residentiel areas. lssues
with wells, pumping equipment, and conveyance piping locations on, through, or adjacent to
private property would need to be identified, addressed, and resolved. -Installation of conveyance
piping to move contammal.ed water from the wells (o the treatment plant for the network of wells
needed in the treatment volume would cross and potentially be installed beneath streets.
Distuption of streets and assocwted disturbances during construction would require permission
from the appropriate agencies or governmet offices: Operation of the P&T system would
require conducting and managing the industrial-type activities associated with the system (e.g,,
well maintenance) within-a residential area, '

Infeasible Aiternative: In addition 10 the cons:derable dxﬂ' culties with adminisirative
implementability, technical implementation of P&T i is uncertain due to the proximity to and
hydraulic connection with the Mississippi River and the large scale of the treatment.
Additionally, surface structures or property concemns may not allow installation of wells in
preferved well locations and allemate locations may have difficulties with contaminant capture
(e.g., caplure zones cannot overcome large well spacings) or may require longer treatment times
(e.g., if contamination mL'_\st move a long distance to extraction wells).

Bascd on this screening, P&T is eliminated from further consideration because it has
unacceptable administrative implementation issues and likely will ulimately prove 1o be both
technically and administratively infeasible 1o implement. Therefore, evaluation of relative costs
and regulatory requirements are not pecessary in sccordance with LAC 33:509 C.2. However,
even though evaluation of relative costs and regulatory requirements are not necessary pursuant
10 section 509, relative cost and regulatory requirements information for P&T are presented and
discussed below as additional information.

Relative Cost: Relative cost is high for P&T (more than an order of magnitude higher than cost
for MNA} because there are significant cost factqrs for implementation and operation (Appendix
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F). Some of these cost factors include large diameter wells for high extraction flow rate,
conveyance piping, and a high volume treatmeni system for VC and arsenic.

Regulatory Requirements:' P&T can meet the regulatory requitements only if it can be
impleraented effectively. For the reasons above, P&T is infeasible and cannot be implemented
to meet the MCL for vinyll chloride, which is the relevant regulatory requirement for the
remediation study.

4.2.3 Chemical Oxidation

This category of technology includes use of strong oxidants such as hydrogen peroxide, Fenton’s
Reagent, permanganate, persulfate, and ozone. A primary factor in applying chemical oxidation
is overcoming the oxygen demand within the aquifer duning injection of the oxidant. As oxidant
is injected, it quickly mactﬁ with oxidizable materials in the aquifer (inctuding the contaminant),
With radial injection flow, the volume of aquifer, and therefore the mass of oxidizable materials
associated with aquifer solids increases with the square of the distance from the injection point:

As a scoping calculation, oxidant demand was estimated based on the mass of oxidizable
material in the aquifer as a function of radial distance from a well and for the tolal treatmeni
volurae (Appendix G). Chemical oxidation has been’ applled as a targeted treatment for
relatively high concentrations of contaminants at a-scale that is arders of magnitude smaller than
would be necessary for treéatment at the scale of the remediation study treatment volume in the
Plaguemine Aquifer.

Assessment te

Effectiveness; With the chemical oxidation altemauve lhene is high uncenainty in meeling the
rersediation objectives (Section 2.2) with respect o vinyl chloride contamination, Chemical
oxidation technology has been proven capable for treating chiorinated solvents only on a small
scale.

Arsenic is present as a co-contaminant (o vinyl chloride in the aquifer. Et is predominamly in the
+3 valence state as would,be expected under the reduced redox conditions in the squifer (see
Appendix H). Chemical oxidatien may reduce arsenic concentrations in the groundwater by
oxidizing the arsenic (+3) to arsenic (+35), which partitians to a greater extent onto aquifer solids.
This reduction of groundwater arsenic concentration is likely to be only temporary because
arsenic would be re-released to the groundwater upon a retum 1o reducing conditions in the
aquifer.

Implemeniability. Chemical oxidation is a demonstrated process with full-scale equipment and
remediation services available. Administrative implemeéntability is unacceptable for chemical
oxidation due to the same type of significant construction and operational issues as were
described for the P&T altemative (see Section 4.2.2). In fact, these implementability issues are
more problematic with the chemical oxidation allemalwe [because (1) this alternative would
require more wells than for P&T, and (2) the oxygen demand analysis shows hat extremely large
quantities of oxidant would be required {Appendix G).
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Infeasible Alternative: Inaddition 1o the considerable difficulties with administrative
implementability, technical implementation of che_rhical oxidation is bighly uncertain at the
requited scale and considering issues with surface structures or property concems that do not
allow installation of wells in preferred well locations. The system design is sensitive to
dificulties with hydraulic control. Because chemicals are being injected into the aquifer for the
oxidation process, there is a potential to spread conamination outward from the injection well.

Based on this screening, chemical oxidation is eliminated from further consideration because it
has unacceptable adminisirative implementation issues and likely will ultimately prove to be -
both technically and administratively infeasible to implement., Therefore, evaluation of relative
costs and regulatory requirements are not necessary in accordance with LAC 33:509 G.2. In
addition, relative cost for the chemical oxidation remedial option cannot be reasonably estimated
because no cost basis exists for application of this technology at the scale that would be required
for the remediation study treatment volume in the Plaquemine Aquifer. Fuither, chemical
oxidation could not meet regulatory requirements for the reasons staled ebove.

424 Zero-valent Iron

Emplacemem of zero-valent iron particles in the subsurface provides an electron source for
reduction (dechlorination) of vinyl chloride. Typically, zero-valent iron is appliedas a
permeable reaclive barvier. Iron particles are injected into the aquifer through a line of wells to
form u permeable reaclwe barrier. The iron particles react with and degrade contaminants as
groundwater flows lhrough the permeable reactive barrier, Qver time, Lhe ability of the zero-
valent iron to degrade contaminants decreases as the. iron partictes become coated with
precipitates and are no longer able to catalyze degradation reactions.” Potentially, zero-valent
iron could be deployed in a manner more suitable for volumetric treatment. However, for

~volumetric treatment, the extent to which the iron particles can be distributed is a key issue for

consideration. Injection and dispersion of iron into an aquifer 150-fi thick extending over the
areal extent of the treatment volume is a scale of application that is orders of magnitude greater
than dispersed iron treatment applications conducted to date (GeoSierra 2005).. Present
technology permits placement of small-scale iron particles from wells to radial distances of about
10-20 f (GeoSierra 2005). Similarly low radial influences are observed with current
applications of emulsified zerg-valent iron (Quinn el a), 2005). Thus;.wells would need to be
placed at intervals on theiorder of 10s of feet throughout the treatment zove, which would not be
practical ai the scale of the remediation study treaument volume due to logistical constraints at
the surface especially for'residential areas and would also require very large quantities of iron
particles.

Assessment

Effectiveness; With the zero-valent iron alternalive, there is high uncenainty in meeting the
remediation objectives (Secuon 2.2} with respect 1o vmyl chloride comamination due to
uncenainty in dlstnbutmg the iron and loss of iron paruclc reaclivity over ime,” Zero-valent iron
technology has been proven capable for treating chlorinated solvents only at a small scale.
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Implementability: Zero-valent iron is a demonstrated process with full-scale equipment and

remediation services available. Administrative implemeéntability is unacceptable for zero-valent
iron due to the Jarge number of injection wells (hundreds) that would be needed. With the close
well spacing that would be required, it would not be possible to install a system for the treatment
volume without significantly infringing on private propérty or interfering with surface structures,

Infeasible Alternative; Based on the small radius of influence for injected zero-valent iron, it is
considered to be infeasible for volumetric treatment at the scale of the remediation study.
Because there are no smaller, distinct, hlgh-concenlmuon areas within the remediation study area
that are more typical of the type of conditions for which zero-valent irou is applied, targeted
applications are nat relevant for the remediation study.

Based on this screening, zero-valent iron is eliminated from further consideration because it has
unaccepteble administrative implementation issues and likely will ultimately prove 1o be both
technically and administratively infeasible to implement. Therefore, evaluation of relative costs
and regulatory requirements are not necessary in accordance with LAC 33:509 C.2. n addition,
relative cost for the zero-valent iron remedial option cannot be reasonably estimated because no
cosi basis exists for application of this technology a1 the scale that would be required for the
remediation study treatment volume in the Plaquemine Aquifer. Further, zero-valent iron could
not meet regulatory requirements for the reasons sated dbove.

4.2.5 In Situ Aerobic Bioremediation | »

For scoping, the in situ aerobic bioremediation consiﬂéi‘éd for implementation was a remedintion
system to biostimulate direct microbial-catalyzed oxidation of vinyl chloride with injected
dissolved oxygen (see discussion in Appendix G). Implementatlon would be consistent with
guidelines described in "Engmeered Approaches to'In Sm: Bioremediation of Chlorinaled
Solvents: Fundamentals and Field Applications” (EPA ZOGDb) Treatment would use a
groundwater recirculation system to distribute oxygen in the subsurface. Because of the large
area) extent of contamination, the aerobic bioremediation system would treal groundwater as it is
recirculated through the biologically active zones induced by addition of the oxygen in the
aquifer surrounding the injection wells. As such, the umeftame for treatment would be
controlled by the timeframe for recirculation and sweepmg of the contaminant from the aquifer,
The timeframe for reatment would be similar to the timeframe for the P&T system, though
somewhat shorter due to the larger number of wells (i.e.; 5-15 years). Before treatment
operations can befin, mslallauon of the system (wells and conveyance piping) itsell would likely
require a1 leass 1 1o 2 yea:s Further, this | to 2 year instalistion period would not include the
upfront lime required (o design the system and 10 obtain permits, and to acquire property and/or
access rights or right of ways.

Hydrogen peroxide or pure oxygen injection could provide enough oxygen to overcome the
oxygen demand of dissolved compounds. For groundwater recirculation, fouling from reduced
iron would need 10 be addressed through removal of the iron in the dboveground recirculation
system prior to re-injection. A permit for re-injection of groundwater would be required. The
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required infrastructure for water handling includes extraction wells, iron precipitate removal,
ransmission piping, hydrogen peroxide storage and injection, and injection wells as specified in
the following paragraphs. At each group of recirculation wells, an above ground system would
operale lo add oxygen to the extracted water, remove iron particles that would precipitate in a

filtration epparatus, and convey the water to the injection pont.

Based on the well spacing assessment presented in.Appendix G, the groundwater recirculation
system for in situ aerobic bioremediation would consist of extraction well lines with wells 600 fi
apan and an injection wel) ling (two injection wells per extraction well) at a distance of about
2,000 fi from the extraction well line. Extraction wells would operate at 2,000 gpm. Extracted
water would be aeraied through direct injection of hydrogen peroxide to obtain nominaity

20 mg/L of dissolved oxygen. Iron precipitate would be removed by filtration. The oxygenated
water would then be piped 1o the injection wells. The process is eslimated to generate
approximately 27 kg of iron sludge per extraction well per day of operation, Hydrogen peroxide
consumption is estimated (o be 370 kg per extraction well per day of operation. The well
network would include an estimated 33 extraction wells and 66 injection wells to cover the
treatment volume and to maintain hydraulic contro} of the groundwaer during treatment.
Because water is being injected into the aquifer to add the oxygen needed for the aerobic
biarernediation process, there is a potential to spread contamination outward from the injection

well. Therefore, to preveni spreading of contamination, a relatively large number of wells are
needed to maintain contrel of the water such that the injected water is effectively captured by

nearby extraclion wells,

S men

Effectiveness: With the in situ aerobic bioremediation altemnative, there is moderate to high
uncertainty in meeung th'e remediation objectives (Secuon 2.2) with respect 1o vinyl chloride
contamination. Aerobic bloremedlauon relies on e!‘fecuve distribution of oxygen and the activity
of appropriate bacteria. Biological degradation processes -would not produce hazardous
products.

Arsenic is present as a co-conlaminant to vinyl chloride in the aquiler. It is predominantly in the
+3 valence state as would be expected under the reduced redox conditions in the aquifer (see
Appendix H). Aerobic bicremediation may also reduce arsenic concentrations in the
groundwater by oxidizing the arsenic (+3) to arsenic (+5), which partitions to o greater extent
onto aquifer solids. This reduction of groundwater arsenic concenlrations is likely to be only
temporary because arsenic would be re-released to the groundwater upon a return to reducing
conditions in the aquifer.

Implementability. n situ aerobic bicremediation is a demonstrated process with full-scale
equipmenl and remediation services available. Administrative implementability is unacceptable
for in situ aerobic bioremediation due to the same type of significant construction and
operational issues as were described for the P&T alternative (see Section 4.2.2). These
implementability issues are more problematic with the in situ serobic bioremedialion altemative
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because this alternative requires more wells and more conveyance piping to suppon the

necessary recirculation of gmundwater

Infeasible Alternative: In addition 1o the considerable difficulties with administrative
implementability, technicai implementation of in situ aerobic bioremediation is uncertain at the
required scale of appllcatmn including difficulties with Surface structures or property concems
that do nat aflow installation of wells in preferred well lgcations. The system design is sensilive
to difficulties with hydraulic control, which would po{enually cause spreading of contamination
during oxygen injection if contaminated groundwater is pushed outside the capture zone of the
extraction wells by the water injected at the injection wells to camy the oxygen into the aquifer.

Based on this streening, in'situ aerobic bioremediation is eliminated from further consideration
because it has unacceptable administrative implementation issues and likely will ultimately
prove to be bath technically and administratively infeasible to implement. Therefore, evaluation
of relative costs and regulatory requirements are not necessary in accordance with LAC 33:509
C.2. However, even though evaluation of relative costs and regulatory requirements are not

necessary pursuant 1o section 509, relative cost and regulnlory requirements information for in
situ aerobic bioreiediation are presented and discussed below as additional information.

Relative Cost: Relative cost is high for acrobic bioremediation, at least an order of magnitude
higher than the cost for MNA, because there are sigﬂi ficant cost factors for implementasion and
operation (Appendix F). Somc of these cost [aclors include numerous large diameter wells for
high extraction/injection low rate and conveyance piping.

Regulatory Requirements: - In situ aerobic bioremediation can meet the regulatory requirements
only if it ¢an be implemented effectively. For the reasons above, in situ aerobic bioremediation
is infeasible and therefore cannot be implemented (o meet the MCL for vinyl chlonde which is
the relevant regulatory requuemem for the remediation study

426 InSity Anaeroblc Bioremediation

For scoping, the in situ anaerobic bioremediation considéred for implementation was a
remediation system to biostimulate reductive dechlorination of vinyl chlonde with a soluble
substrate (e.g., molasses) (see discussion in Appendix G). Implementation would be consistent
with guidelines described in “Principles and Practices of Enhanced Anaerobic Bioremediation of
Chlorinated Solvenis” (AFCEE 2004). A groundwater recnrculanon system would be used to
distribule a substrate to atlempt to cohance reductive declhlonnanon of vinyl chloride. Because
of the large areal extent of contamination, the anaerohic bioremediation system would treat
groundwater as it is recirculated through the biologically active zones induced by addition of the
substrate in the aquifer surrounding the injection wells. As such, the timeframe for treatment
would be controlled by the timeframe for recirculation and sweeping of the contaminant from the
aquifer. Thus, the timeframe for treatment would be similar to the timeframe for the P&T
system, though somewhat shorter due to the larger number of wells (i.e., 5-15 years). Before
treatment operdtions can begin, installation of the system (wells and conveyance piping) itsel{
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would likely require at Jeast 1 to 2 years. Further, this | to 2 year installation period would not
include the upfront time required o design the system and to obiain permits, and to acquire
property and/or access rights or right of ways. .

A tretability study is required to select the best substrate (o stimulate more rapid degradation of
vinyl chloride. A permit for re-injection of groundwater would be required. The required
infrastructure lor water handling includes extraction wetls, transmission piping, substrate storage

. and injection, and injection wells as specified in the following paragraphs. At each group of

recirculation wells, an above ground system would operate to add substrate 10 the extracted water
and convey the water to the i injection point.

Based on the well spacing assessment presented in Appendix G, the groundwaler recirculation
system for in situ anaerobic bioremediation would consist of extraction well lines with wells
600 ft apart and injection well lines (two injection wells per extraction well) at a distance of
about 2,000 A from the extraction well line, Extraction wells would operate at 2,000 gpm.
Extracted water would be amended with the substrate 10 obiain about 250 mg/L. This estimate
for the substrate concentration was based on using molasses and providing sufficient substrate to
reduce the sulfate presen( and to generate the anaerobic conditions and hydrogen needed 10
support vinyl chioride dechlorination. Substrate consumption is estimated to be about 2,700 kg
per extrection well per day of operation. The well network would include an estimated 33
extraction wells and 66 injection wells 10 cover the treatment volume and to maintain hydraulic
control of the groundwater during treatment. Because waler is being injected into the aquifer to
add the substrate needed for the anaerobic bioremediation process, there is a polennal to spread
contamination outward from the injection well. Therefore, to prevent spreading of
contamination, a relatively large number of wells are needed to maintain control of the water
such that the injected water is effectively captured by nearby extraction wells.

Assessment

Effectiveness: With the in situ anaerobic bioremediation alternative, there is moderate to high
uncertainty in meeting remediation objectives (Section 2.2) with respect to vinyl chloride
contamination, Anaerobic bipremediation relies on effective distribution of substrate and
activity of appropriate bacteria. Biological degradation processes for vinyl chloride would not
produce hazardous producis. Biological degradation of DCE could produce vinyl chloride, but
only at low concentrations (see section 2.1.4).

Arsenic is present as a co-conlammam to vinyl chloride. Itis predominamly in the +3 valence
state as would be expected under the reduced redox _conditions in the aguifer {see Appendlx H).
Anaerobic bioremediation may increase the arsenic concentration in the groundwater by
reduction of iron oxide coatings on the aquifer solids that contain arsenic,

Implementabitiry: In situ anaerobic bioremediation is a demonstrated process with full-scale
equipment and remedialion services available. Administrative implementability is unacceptable
for in situ aerobic bioremediation due to the same type of significant construction and
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operational issues as were described for the P& T.alternative (see Section 4.2.2). These
implementability issues are more problematic with.the in situ anaerobic bioremediation
altemative because this altemative requires more‘.wlells and more conveyance piping to support
the necessary recirculation of groundwater.

Infeasible Alternative; In addition to the considérable d;iﬂ'lcullies with administrative
implementability, technical implementation of in situ anaerobic bioremediation is uncertain at
the required scale of application, including difficulties with surface structures or praperty
concerns that do not allow installation of wells in preferred well locations. The system design is
sensitive 10 difficulties with hydraulic control, which would potentially cause spreading of
contamination during substrate injection if contaminated groundwaler is pushed outside the
capture zone of the extraction wells by the water injected at the injection wells to carry the
substrate into the aquifer.

Based on this screening, in situ anaerobic bioremediation is eliminated from further
consideration because it has unacceptable administrative implementation issues and likely will
ultimately prove to be both technically and administratively infeasible to implement. Therefore,
evaluation ol relative costs and regulatory requirements are not necessary in eccordance with
LAC 33:509 C.2. However, even though evaluation of relative costs and regulatory
requirements are nol neceéssary pursuant to section 509, relative cost and regulatory requirements
information for in situ 2naerobic bioremediation are presented and discussed below as additional
information. C

Relaiive Cost: Relative cost is high for anaerobic b}'curerinediation, a1 least an order of magnitude
higher than the cost for MNA, because there are significant cost factors for implementation and
cperation (Appendix F). Some of these cost faciors inc[ude numerous large diameter wells for
high extraclionfinjection flow rate and conveyance piping.

Regulatory Requirements: In situ anaerobic bioremediation can meet the regulatory
requirements only if it can be implemented effectively. For the reasons above, in situ anaerobic
bioremediation is infeasible and therefore cannot be implemented to meet the MCL for viny!
chloride, which is the relevant repulatory requirement for the remediation study.

4.27 Results of Evaluation Based on Scoping Calculations

Scaping calculations indicated that all of the potential rémedial alternatives, with the exception
of MNA, are either (1) not effective (LAC 33: VI 509 C.2.2), (2) not implementable (LAC 33:
V1. 509 C.2.b), or (3) not feasible (LAC 33: V1. 509 C.2.¢), and should thus be eliminated from
further consideration in the remediation study. In addition, the relative cost estimates show that
costs for active remedies are grossty (e.g., an order of magnitude) higher than the cost of the
MNA remedy.
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. 5.0 Conclusions

The remediation study was prepared pursuant to the Cooperarwe Agreement between the State of
Louisiana Department of Environmenta! Quality and The United States Environmental
Protection Agency and The Dow Chemical Company in the Matter of the Plaguemine Aquifer.
The scope of the remedlauon study was 10 evaluate (1) the long-term need for remediation of the
Plaquemine Aquifer and (2) feasible remediation options. The study included consideration of
the four {4) remediation options enumerated in the Cooperative Agreement: monitoring and
Datural attenpation, chemical injection, biostimulation, and no further action.

The evaluation results indicate that active remedies are not feasible. Active measures would
require large-scale pumping wells and/or surface infrastructure in populated areas. Interference
from existing utilities, resndences and other facilines present significant chaltenges for
construction, and constmcuon would cause considérable disruptioa of commercialresidential
activilies. An active remedlauon operation would require significant industrial-type activities in
residential areas, Further, the active remedies for vinyl chloride in the remediation study area

will not effectively reduce the excessive levels of arsenic 10 at ar below the MCL. In fact, some
aclive remedies for vinyl chloride may increase the arsenic concentrations. The no further action
alternative was eliminated in the initial review of po!enl:al remedmuon methods.

) Evalugtion of the EPA ingi_icalors_or the potential for natural attenuation of the vinyl chloride

. contamination in the aquifer found conditions favorable for vinyl chloride degradation and the
data sugges1 rates of degradation suitable for an MNA remedy. It is reasonable to expect that
natural attenuation processes will reduce the vinyl chloride conamination to levels at or below
the MCL in the Plaquemme Aquifer. A site-specific approach for MNA could be applied and the
associated periodic momtonng would be an effective mechanism (o ensure that the vinyl chloride
conlamination does not expand and does not impact the City of Plaquemine water supply. Thus,
MNA is the recommended approach to the contamination.

In summary, this assessment reveals that active viny! chlaride remediation is not an appropriate
option in the remediation study area. The proper and recommended approach is a Monitored
Natural Atienuation remedy that includes continued monitoring to ensure that the extent of low-
level vinyl chloride contamination does not expand
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Appendix A
'Hydraulic Conceptual Model

In the area of the remedjation study, the dominant factor controlling the groundwater flow
system in the Plaquemme Aquifer is its hydraulic interaction with the MISS(SSIPpi River, The
groundwater flow wnhm:th:s portion of the Plaguemine Aquifer was quantified by Naymik
(2004) based on site-specific data such as hydrautic head, river stage, and aquifer property data
cotlected from withir; the remediation study ares. These data include’ anafyuc&l data collected
{rom the sentinel wells, U. §. Environmental Protéétion Agency (EPA) wells 15, and private
wells in North Plﬁqllemme that comprised the EPA/Louisiana Department of Environmental
Quality (LDEQ) Seml-Annnal Testing, and data collected by The Dow Chiemical Company for
the South Perimeter G;oqndwaler Study. Hydraulic properties associated with this flow system
are summarnized in Table"A-l The average hydraulic conditions for use in this study were
selected based on the average gradlem and direction for a yearly cycle at six locations in the
remediation study atea (Table A-2). More recent water level data collecied as part of the South

Perimeter Groundwaier Study are consistent with the groundwater flow information presented
herein

Tabte A-1. Hydraulic propemcs used to describe the Plaquemine Aquifer in the remediation

study. X 7
Hydraulic Property | . 'Value .’ :, Comment _ ‘Reference
Horizontal hydraulii: 430; fud Vilue derived from pump test annlysts Naymik 2004
conductivity : in Naymik (2004)
Vertical hydraulic 43 fd Estimnated as one tenth of the horizontal | Estimated based on
conductivity hydraulic conduclmly 1 information in Freeze
and Cherry 1979

Porosity 0.3 Value used in Naymik (2004) s o Naymik 2004; Freeze

‘ standard estimate within the range and Cherry 1979

reporied for sandy and gravely aquifers

. in Freeze and Cherry (1979)
Bulk density 1.85 kg/L Value calculated using the selecied Calculated

L porosity and a solid density of 2.63 kg/L:

\ (Freeze and Cherry 1979)
Storage coefTiciem | 0.0007 Value derived from pump test analysis | Naymik 2004

) ' in Naymik (2004) :

Lincar equilibrium | 0.23 L/kg-soil { Average of cstimated values from Naymik 2004
partitioning ’ o Naymik (2004) ’
coefficient for vinyl
chioride
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Table A-2.  Summary of groundwater {low m the Ireinetliialian study area based on remediation
study area data from September 23, 2002 through September 22, 2003.

e e ——
Locaion Average Direction of Gradiemt™
cane Gradieat® (degrees)
Block 66, Dow 0000413 268
Plaqueming Operations
Block 49, Dow 0.000365 240
Plaquemine Operations )
Block 6, Dow’ 0.000237 262
Plaguemine Operations _
Lighthouse Road Site 0.000776 - 267
Well DEQ VV 000044 = 262
Mynile Grove Well 0.000287 34
Average 0.00042 169
{a) Calculsted based an the dala prescnled in Nayn‘iik {2004). A direction of zero
degrees is map north and degrees progress clockwise such that 269 degrees
corresponds to a flow atmast duc west.

The water supply weils located in the City of Plaguemine were in operation from 1952 until
1967. Since 1967, water has been delivered in a pipeline from wells located near the Port Allen
Lock, outside the remediation study area, and this Pont Allen water has been, and remains, the
primary water supply for the City of Plaquemine. From 1967 through 1999, the wells in the City
of Plaquemine operated only during infrequent emergency events. Limited, short-duration
pumping of these wells for regular maintenance operations occurred from the year 2000 through
May 16, 2004. Since May 17, 2004, city wells operated routinely on a periodic basis as
supplemental source of water to the primary Port Allen waler source. The hydraulic conceptual
model included an assessment of groundwater flow direction during two time intervals: (1) when
the City of Plaquemine waler supply wells were pumping and (2) when there was no significant
pumping from the City of Plaquemme water supply wells.. Hydraulic head data for the
Mississippi River and at the South Perimeter Groundwater Study monitoring locations are
available during the time period of May 17, 2004 through January 31, 2005 (a pericd of 37
weeks when the City of Plaquemmc wells were pumping routmely) and were used (o estimaie
the hydraulic head contours for the remediation study area using the method described by
Naymik (2004). As a comparison over the same duration (37 weeks) and same seasonal period,
hydreulic head contours for the remediation study area were also estimated for the time interval
from May 19, 2003 lhrough February 2, 2004, representing conditions when there was no
significant pumping of the City of Plaquemine water supply wells (i.e., only limited, short-
duration pumping for maintenance operations). Note that the actual start and end days for the
two intervals are slightly different due to the date that measurements were laken each year.
Figure A-1 shows the Mississippi River stage during these two lime intervals. These time
intervals are generally during lower river stage conditions where the impact of any pumping in
the aguifer would be the greates!.
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e . Naymik TG. 2604, Fvaluation of Groundwaier Flow System and Distribution of Vinvl
Chlaride, cis-1,2-Dichloroethene, and Arsenic in the Plaquemine Aquifer in the Vicinity of The

. Dow Chemical Company, Lovisiana Division, Plaquemine, Lowisiana. July 27, 2004, Batelle
Pecific Northwest Division, Richland, Washington.

The South Perimeter Groundwater Study dato is described in the following reponts.
URS. 2002. South Perimeter Groundwoter Study I¥' Quarter 2002 Field Activities Report,
The Dow Chemical Company, Louisiana Operanons Plaquemine, Louisiana,
URS. 2002. South Per.'mefr:r Groundwater Study 2™ Quarter 2002 Field Activities Report.
" “The Dow Chemical Company, Louisiana Operauons Plaquemine, Louisiana.
URS. 2002. South Perimeter Groundwater Study 3™ Quarier 2002 Field Activities Report,
The Dow Chemlca! Company, Louisiana Opcralzons Plaquemine, Louisiana.
URS. 2003. South Perimeter Groundwater Study 4" Quarter 2002 Fleld Activities Repor::
The Dow Chemicai Company, Louisiana Operations, Plaquemine, Louisiana,
. URS, 2003, South Perimeter Groundwater Study 1" Quarter 2003 Field Activities Report.
g ' The Dow Chemacn] Company, Louisiana Opcmuons Plaquemine, Louisiana.
: URS. 2003, South Perimeter Groundwater Study 2 Quarter 2003 Field Activities Repori.
The Dow Chemica} Company, Louisiana Opemuons Plaquemine, Louisiana,
. URS. 2003. South Perimeter Groundwater Study 3™ Quarter 2003 Field Activities Report.
) The Dow Chemical Company, Louisiana Opcmuons Plaqueming, Louisiana.
URS. 2004. Sowth Perimeier Groundwater Study 4" Quarier 2003 Field Aciiviries Reporr,
i The Dow Chemical Company, Louisiana Operations, Plaquemine. Louisiana.
: URS. 2004, South Perrmeter Groundwater Study I¥' Quarter 2004 Field Activities Repor!,
The Dow Chemscai Company, Louisiana Operations, Plaquemine, Loulsiana,
URS. 2004, South Perimeter Groundwater Study 2™ (uarter 2004 Field Activities Report,
Theé Dow Chemical Company, Louisians Opt.rauons Plaquemine, Louisinna,
URS. 2004, South Perimeter Groundwater Study 3" Quarrer 2004 Field Activities Report.
The Dow Chemlcal Company‘ Louisiana Opemuons Plaquemine, Louisiana.
URS. 2003, Sowh I’eﬂmcrcr Groundwater Study 4" Quarter 2004 Field Activities Report.
The Dow ChLmlc.nl Company, Louisiana Operations, Plaquemine, Louisiana.
URS. 2005, South I‘erlmetcr Groundwater Study 151 Quaner 2005 Field Activities Repont.
The Dow Chcmlml Cnmpan) Louisiana Operations, Plaquemine, Louisiana.

A
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Appendix B

Geochemical Conceptual Model
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. Appendix B

Geochemical Cohcep__tual Model

Indicators of the geochemical conditions in the aquifer include dissolved oxygen (DO), nitrate,
iron, sulfide, sulfate, methane, hydrogen, and total organi¢ carbon (TOC) concentrations; and the
oxidation-reduction potentiai (ORP). These parameters have been monitored within the
remediation study area. Geochemical data from the following sampling events were utilized:

¢ U S. Depantment of Health and Human Servnces sampling events at Myrtle Grove wells

conducted 1994, 1997, 2001;

* LDEQ semi-annual sampling events of wells conducted June 2001 through August 2004;

* Dow sampling events of wells conducted 2001, 2003, 2006;

¢ Dow (South Perimeter Groundwater Study) samp! ing events of borings conducted 2001;

s LDEQ sampling event at Myrtle Grove wells conducted 2002: and

¢ Cooperalive Agreemem sampling events of wells conducted 2005 to January 2007.

To assess the ambient geochemical conditions based on these data, the average value for each
parameter was compared 1:0 the published criteria used as indicators of conditions favorable for
reductive dechlorination (i.e., show indications of significant anaerobic microbial activity) in the

) EPA Technical Prosocol for Evaluating Natural Atenuation of Chiorinated Solvents in Ground

. Water (EPA 1998) (Table B-1). Calculation of the average value for a parameter included use of

data with no analytical quatity flags and data with an analytical uality flag of “U™ or “)." Data
with a “U” flag were considered to have a concentration of zero (non detect). Data with s “J”
flag were reported as the instrument data value adjusted for the dilution factor, if any.

Recognizing that these are average values across the remedtauon study area and that some
variation in geochemical conditicns exist within the aqunfer the daia comparison indicates that
the aquifer is generally anoxic with signs of anaerobic activity occurring within or upgradient of
the remediation study area (low ORP, low oxygen, presence of reduced iron, methane, hydrogen,
and absence of nitrate). The sulfate and sulfide concentrations are not necessarily good

- indicators of the microbial activity in the aquifer. Low sulfide values in conjunction with low
sulfate values are not sufficient to assess the amount of sulfate reduction that may be occurring
within or upgradient of the remediation study area because sulfide may be precipitated as an iron
sulfide compound not measurable in groundwater samples The total organic carbon
concentration may be sufficient to support continuing anaerobic microbial reactions (e.g., iron
reduction, methanogenesis, or reductive dechlorination) though it is lower than the optimal
concentration listed in the EPA protocol (EPA 1998), Thé average pH of the groundwater.daia
is 7.7

While the above geochemical assessment used a comparison to conditions that are conducive to
anaerobic microbial activity end reductive dechiorination, there are other biological mechanisms

B.Y
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for viny) chloride degradation that can be active under different geochemical conditions.

Table B-2 lists the relevant biological reactions and the type of geochemistry. suppomng these
reactions. Geochemical conditions conducive 1o each of these biological reactions have been
observed in some portions of the remediation study area and, therefore, these reactions may be
also occurring to some extem in the aquifer.

- Histograms showing lhe conoemramn/value ranges for the most significant geochemical

indicators are‘shown in Flgures B- l lhrough B-6. In each case, the histogram information and
the informalion in Table B-1 show that the. majority of data are consistent with the average

geochemical conditions discussed above. Well data with concentrations significantly different
than the majoniry of wells were evaluated gmphlcally to'determine if the data were clustered in a-
manner suggesling large zones of different geochemical conditions. Figures B-7 through B-11
show the distribution of well ‘data with concentrations as indicated in the capiions. As observed
on the figures, the data ‘values that are significantly different than the majority of other data
values are scattered and do not suggest large zones with different geochemical conditions. That
is, on the figures, no large area consistently shows red symbols across all of the geochemical
indicators, where the red symbol indicates wells where conditions are different than the criteria
for anaerobic conditions. These results support the conclusion that while individual wells within
the aquifer exist that have conditions differing from the average geochemica! conditions, large
groups of contigudus wells are not found that have conditions different from the average.
Therefore, it is reasonable to base the remediation study on the average geochemical conditions.

The geochemical information alse suggests that some natural attenuation is occumng within the
remediation study area of the aqu:fer :

References

EPA. 1998. Technical Protacol for Evaluating Natural Attenation of Chiorinated Solvents in
Ground Water. EPA/GOO/R-98, prepared by TH Wiedmeier, MA Swanson, DE Moutoux,

EK Gordon, JT Wilson, BH Wilsor, DH Kampbell, PE Hass, RN Miller, JE Hansen, and

FH Chapelle for the U.S! Enwronmenlal Prolecnon Agency Office of Research and
Development, Washington, D.C.
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Table B-1, Comparison of geochemical indicator values in the remediation study area with
EPA-established (EPA 1998) indicator valugs for anaerobic conditions conducive
to reductive dechlorination.

acceptors available

Criteria for | Average Valuein | Percentage of
Reductive | the Remediation | Wells Meeting
Geochemical §ndicator Dechlorination | Study Area Criteria (%)
Oxidation/Reduction Potential (mV) <-100 .49 ‘ _ 88
Hydrogen (M) >] . 710 90
Methane (mg/L) >0.5 25 61
| Iron (IT) (mg/L) >1 ' 24 . 55
 Dissolved Oxygen (mg/L) <0.5 0.75 61
| Total Organic Carbon (mg/L) >20 2 0
Nitrate (mg/L) <l 0.03 100
Eull‘ute (mg/L) <20 124 68
| Sulfide (mg/L) >1 | 002 0
(a) Average excludes wells with an average value of greater than 1,000 nM.
Table'B-2. Potential vinyl chloride dc":gradation resactions.
Reaction |  Geochemistry Description
Aerobic Co-Metabolism Dissolved sxygen Dcchlo"lrinalion of a compound where the
0.5 mg/L and compm]md is foruitously degraded by an enzyme
presence of co- uscd in cellular metabolism - typically a
substrate (e.g., MONOOXYECNASE CRZYME, |
methane) .
Acrobic Direet Dissolved oxygen Use of the chlorinated compound as an electron
Metabolism >0.5 mg/L donor for acrobic metabolism, '
Annerobic Dircct Anoxic with Usc of the chierinated compound a5 sn electron
Metaholism appropriate electron | donor for anacrobic respiration — typically

coupled to iron reduction,

(hydrogenolysis)

Reduciive Dechlorination

Anoxic, typical
conditions listed in
Table B-1

Dechlorination of 3 compound where the
compound is used as an electron acceptor, The
bacleria may or may nol gain energy by reduction
of the compound. This reaction removes onc
chloride atom from the compound and repleces it
with a protoo. '
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Potential Remediation Methods
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. Appendix C
Potential Remediation Methods

This appendix lists remediation methods potentially applicable to this remediation study. These
remediation methods were: identified based on s review of technical literature and environmental
technology databases (e.g., U. S. Environmental Protection Agency resources) for methods that
have been used or tested to remediate vinyl chloride at onr sites. This listing provided the
starting paint for development and evaluation of remedial altematives for application o the
Plaquemine Aquifer.

ct,



LDEQ-EDMS Document 36531815, Page 68 of 107

LDEQ-EDMS Document 36519462, Page 62 of 101

LDEQ-FDMS Document 15350281, Page 61 of 102

'T1-D€ Jadey ‘onO *SNQUNSD "SSAN4 HPNeD

LORN PRy

A= SIPMOZOOCL QUG B (0 UMD, “E00Z “ANTIIMN “d pue ‘uuRuunds vy "y ‘saiddn)

"SPUNOGLIOT) JURIJARINY PLUR PAIRUMOIYD JO LORRIDMLIY LD SOUITHUDD |RUOIRWIIY] 235 1011 oo A
YHNOd 3 0 sBUIPAIBCLd . SPUNOAWOD) DMEVLCIND Ylm pRIPURLEUDD Jaempunaun ]  f dageacuu) FEHRPAIEHT - IWARTUL BN
30 UOQRIPMLFY ITHWHPOSDMNI. ‘rOOT UISIRIN "D PR “udsiapuy T g 'unea
€T0/95-0/0v5 vd3 AMIANEDY apuoiyD JAUIA[  VOREDIXD AN / JTHWIYD - «_..N.Suﬁ._.h BN
- UOROU AR XUPAL2P
Z-3 B0 ‘12 xjpuadty “EZ0/I6-W/D¥S vd3]  1RruaukLO) BPUOID IAUIA Aey - JusunRALL IDIUIYD)
-2 9 *13 npuaddy €Z0/56-W/0¥5 ¥d3|  ITRIBUALOD 30U AUA]  LOREUHONDID MNANTD ~ RUQTLL ITURD
EZ0/96-u/0rS - vdI PARIWASMY appoly) JAUIA] UOGED PRRMDY JRIURID - WweugTAI] R
VALY § T 10T SDASTAUIALOD" RENLID MMM/ B3y . s | sopens 1w NQODY - TuGunEasy [2H5OTON
£Z0/96-WD¥S va3|  RRUMA POLONEY 1RIA boveaq
12 "5d *S3US VIDEED 1P JA0M PUNOID DIIRURLPILOY) J0) " BudinS iy
SHEOOUYIDL NI @DIL 1S~ XD PUR ADSIRAS ISUDTSSY SAdtwnsay 'EL0/96-W/OrS vaa| O ROWNsAMd FPHOUD 1AEA ’
TMNALING [1€3/D013YR XD IS e TS SUSO TR INK /335 /5ND0) 1 NR32 0 fsopat/tuo -y
-npfjianay
Jpd 20 W /Pawas fpeajumo pfiuo up-npf /Ay
JOIUHGD UDA /20 Pua A/BIO" UINP* Mam/ [ 13y —— -
:E.-!Qnsvgtﬁvﬁu%.g.ihgﬁ 7 1o P14 BPLOIUD JAUIA] UCRIRNX] Iy mgo = uPenEy
WY T p™ 6/ PUORIFS SZxiRL//A0E Q) M/ 13y LT ) PR A
WY £ C-#/BUONDIS/T XU SACE 0" MMM/ /1 ARy
UORIPI 1Y ‘OPIND BuBIIFY DU XPIRW
Buu3A0S SHE0IPUYDSL UORRIPILIY ‘HAINPUNDY SHECIUDI) UORTIPILERY [RIFPF4
: — - - - T juounEad}l NS X3
el At uoRENUAY |LeN PRIoHUoN|
PRIEULIONYD JO U TRy 18AVION BUlENBAT 10) IEI0IG JENUUDIL "R 1/a5-4/009/Vd3 BINIEW SPHOILD HBA
- S . B R i ’ - . VORRNUIRY |LIMEN, PILOJUO M|
: co- ..nﬁg"auumc . .
| IHNGOIN Ny U0 ALT Ry EIDIOS SIPIOOO0ICIRYNG © §° UORRINOLS Bulltuionpag QRIS QY o™ Apras ASoyoy ATIOGe]
A[SARONPIY G JO UOQRIYPUIPT PUR. RN JUILULPLILY HQOREVY. U AQ IDUOUD IAA] / Aaescqri)|. M . o
O LONEIYIOWA JAHAWD, "E00T SR ‘J PUC ‘CiRY "W ‘RYRISUINY "N " H Buozumf R
'BTE-0ZLE)IBY © 'SIY VANAUT JAIEAM  IDUORD KUA [0 WSHOGRIDUT) I S0} ;S Q) o APras ABOIOKQOUNN AXIIRI0G
SITRUIANG Aserulig S8 FULYLY PUR DUIIAIRT JO ISN. ‘G661 ZIBH 'S PUR " ‘'vRwpIWY] / Asmguioqe) ) w A Bevo b n
"656-£56:(Z)60 * NGQ0N "VALAUYF Iy -HId Bagesechiuod AQ PAULINRG 255 el
ST SI0I00ODY VANORE) S§ PUIENSMORDIO-S PUY PO JAULA U0 WEUThIOouN W ’ a.Mannﬂ SRRC A Apras ASoioiqouni AroqReouTy

a2unanay|

Avanye | ‘

.:m..:c..mucou_

“IUIUNEIT IPUCYD [AUIA 10) siBojouyda] ‘}-D) 3iqBL

© |esBudD - UORTIPOIIOIOIH
ABojouyda )y

Lo S



LDEQ-EDMS Document 36531815, Page 69 of 107

1
LDEQ-EDMS Document 36519462, Page 63 of 101 .

LDEQ-ETMS Document 35950281, Page 62 of 102

(£ Br=PURdXIP /RS = PIL OS] K2PUIALOD ADL 2 mmm /7 : 1Y) SIRUPIRKUD
P9 AL~ £00-50-2/PFURH/PROUMOD /BT "UFNR MMM/ /i day

IAJPPAQULIT

appod AUl

whAO-Z - WAIENL 1WA MYS-u]

TEE-CLCr-E)S ' Sey wedouen f MBAIBAD
UY UORIPAIY ITVIWLOAALT 10) SIPIMRD BGI] REsoueN., “E£00Z "M ‘Duwnmpz

1594
P34/83591 QT
/] sanesouu]

S/MN0 DA

SIORIRY 34 PIGIDON-4 MEISOULN

UOJT JUDEA-OIBT — JUSUNREIY) HAYS UT

00 AMWILLINSINSY RUURARS/JDE A oD asu e opoalb- samm /1 dny

Wiy 03/8506udS AN/ SARRRIM O/ L /34/6u0 S AQUZY smm /100y
PG Y Z/IPOAUITUOI/TO /MNP’ NSy JUSUIUEIVOD Mmmm [/ a1y

{Aworr ysueapaab-mmm /i day) U] ‘jeuogeusaiu] FtUERI-0I9
(/0] ULIOPUBALICDUIA/BID" LN M f/: AI3)

ArBUWING JOPpUaA ABOIOULISS UO|IRIUIIRIOYD YD

Sapeacis]

IPUOIS KAUIA

EIsuea)-0090)

- | IR AR eACUL/000 550/ UDREDIGND /S 00T RAND/SM/SIT YIS UID" M/ /Y
(1uny $523000%0)1q/WED UPNX oG mamm/ fichity) 3u] ‘SHa].-
{/OMHOPUIALIODUIA SBU0 U D  mans /g

TIPS EZT Y

T, ARUWWING J0pUdA ABDIOUYDR] VONIRTHINIIRUD vd3

aKpescuur

SPROIND AUIA]

.@ﬁoum

’ SE-ETHYIZT © T VORRIRWIY  UORENICAS DRY

Pu? AlCaesoqe - VCIIRPIX0 (TR NS~ SARSMR J0) $35530aud S, UdUDS PaYIPOW,
‘2002 "SeAdZ " parg '0SaQUIRUD G RUBUDHY ‘SMAUDUY SR TRUPHEN ‘N PRSEAY
(/o JuOPLRALIODUDA MBUO UM MMM /7 -dny )

AICURUNG I0PUBA ABGIOULPY] LORRZUIDEIRYD

(uny* xapui/gf LE£ 8500/ W0 uopapIXoMI Ul MMM /1 d1y)

L] "SNBoUYDA L SANZPIXD MIS-uU]

WY OE-#/PUORIIS/ZXNU/AD0 QU s/ Ay
\lu_tﬂ)nubnu?oauu_uoh_mg_mumeDun?ao._;_nﬂﬁu\ﬂﬁo._ﬁu“.\?o up-ryd/fidny
uny: Bn_bn:umuuﬂ\unzﬁﬁx?o QI mmm/fidny

BApRAsUL]

PRI JAMA)

uabgaa s uoiuay

L

TUCREPIXO 1ESfUIBYD — WSNABIIL IS UT

=3 .E 1o x_ucuooa. nNo\om&_..ovm ciw

jepswnng |

SPLOIYD JAUIA

UOHY L) 1 PURICWIW - JUIULRIL) 1§NSAUY

-2 O 1D xipuadoy “EZ0A6-¥/09S vdT!

dantpepy

IOAHUT AT

T SOF CORRRAEEAT — WRURRSSL (898 A

-3 "6d 1D xipuaddy ‘£Z0A6-B/0VS vda

[LISTNTIT ot

IVBOWD KU

UOIPNASHQ (RUUIY} - WO [Pl

z-3 '6d "1 xipuaddy ' Z0/06-H/0rS VdI

12TAMLLIOD

IPHOND AUiA

i vOneIRdaS
EgunEuh.._u.:niuanE»_actuE

IBTINLALICD

SPUONED IAUIA

uoTeNxY RNbF)- PINDTL - WAUWIRW] ORVIYD

Z-2 "6d "1D Wpuaddy ‘¢ Z0S6-H/0PS Vd3

82U Y|

Aamiey|

weuweiuo)|

{'PIL02) —JuuaRAn PIOIYD |AUIA 0] sHBojouyan ), )~ 21qL

(‘Pauor) wRunHda NS X
AGojouyray

(o)



LDEQ-EDMS Document 36531815, Page 70 of 107

LDEQ-EDMS Document 36519462, Page 64 of 101

LDEQ-EMS Document 35950281, Page 63 of 102

'S0-3p s23ded OO ‘SNGUIMOD "SSAud J)ANTY SPUNOALOY UZADIIDY
Pu2 PIIRU LoD JO LOGETPSEY LD 3MAIDJUOD (EUONMLIIL] YLhoy sy 30 sBUmaaay RS Py , . 4
«"S5911 J0100y PLIGAH PUT PAREN BuiMoID 1574 BUIS) SWMY JUBAIS PaRURoD| / swpeaouy | R0 ‘101 DA UORRIPIRLAIG ALy
@ {0 UOANPIWIIOIAUS,. "PYOOT "INHOMN G PUR ‘[ISS0L Y ‘SURBuURS] 'S * L ‘tGDNOS, .

- - - | UOREPILIDIAYY — JUBSLURTIIY NS UT
100 sadet  MOD T LEOUNNIENS /P 0O ANOIBIMUIA PR MMM/ /A3y
LY " IOP T WP YIMIADIS st/ I ‘UORRIDILUDY JEI@MPLINOID PIOUPA DY,

LAY IPA/LIGS U BUIOIIAUR-UDIRS @M MMM/ 0211 ‘IRUSMILOIALT UIRSeM L 1 SPYCILD JABIA UOIR3AUDD URauQ AJ[suag

. D0 M PMB/PIUI HEOIUMO D/ B0 ul-NP/S 1oy o ’
IPABAID ML/ PIURI [DROIUMOD/BI0 LIND MMM/ 1Y
1pa 531 /SUR1/SQNA A50/A0 6 Bop- W s0du /s diay PN .

TR OF- ¢ /PUONROS/Z XU RUASAGS K34y M £ 1: 0334 IAIRAOLY] DU JAUIA ABOOLYYRL AN
WY 00SS61095 /00SS 61075 /SO IS/ QUO/ADE AD M/ fiaysy
1Pd 650/10N0.0/ PIXBPLL /5 1pd ™ 4P/ CONIIDEL PODZ /002 S /LN DO SBI0 U)-R3 1 A1Y
JPG 0TS L/FQEMIAQGIM/ PUNTDD- DTS LN/ S5 AIS FIBBUQ/AGE 50" man /711y
Ipd o1 /5us0/SQnd 150 /ALS o prwa-sdte/ fidny

Ipd I0deATIRL S FS00D/SAUSIISCTADCARNOSUSHD/NP N Biua  mmm//:dny aaneAcuUL BPUOTLD 1AWA Sundding arv am-.uy
. DA AALD MU FERL 33 /P05 UMO D/ BuO- uyng - maw / /sy
Wiy MSUSMULICHYSIPR/BANUDN /Bu0- 0adD Mmaim /f: dny
w:Z.ov.vs!BnuowsnnE!:\;au.bc.!td.ﬁgz.

: . - T ] © BupddES Y 112M-U] - JueunEdd] NS Ur

W O RATOS /AR TINOR/Z00Z /SINS SLNU0D- Beursyde v/ /1Ay - = - EE— =

MY 6™/ pU0RDIS /T XA JADD 5113 MM/ 1Y I

1Z6190/L0/30 /850 SARDTE mmm/ f: 13y ANeAOLU] LD JAUIA sod . uvd

o S/powar P50 > et G0 oA 1105 NYs- Ul Wi Bufuras sy nys-u)
TUNDBYXT JO0BA YOS S0 NUIKRAIUIYUT PRDIIS JO SSARUY T L00-L6-HTrS-vdT
IMBIAIBA0 10 f00) 6 005 45 NIy D35 /ENGOL NP /SNOe) s/ B0 1)-n/ - dny

1pd"0T 3 BIREE /%1000 /PR IUMON/BUC U PP MMM/ Yy . .
WII03/S00P- 101 1 Twa/SIenurws. bua/suonea||gnd /il Aw re goesn mmm /£ 1y SANRAOULY IPHORD JAUIA] bubueds vy mys-u}
WY " bE - P PUOIIIRS FT XU IR ADD 134" MMM /1 B3Iy -

wny - Buedss 9 AR/ 1SN0 /ACE RS MMM/ £ ATy

S T - ] ; “Buitieds AV — JusLnEsl] NS Uy

audepd|  Alnew| wewnuelvod] Abojouysay

('Pr1uod) 1udunea PUOjYD (LUl 10) SNTFOOWMDSI] “I-D djqe L

Cd



LDEQ-EDMS Document 36531815, Page 71 of 107

LDEQ-EDMS Document 36519462, Page £5 of 101

LDEQ-EDMS Documant 15350281, Page 64 of 102

‘SY-OFf Jaded oD

‘ENQUIMGY ‘SSAUd SIRIITY  SPUNodwoD WenNpivITs pue HOLYD) 3O ORIy
UD SDuudjudd (SUCRSWIZIVL Wi N0y 3 jo sBupasoauy uonReIBUIOIg S0y

PUR QIR EUY PIOUSYUT O YONENIRAT] SAIRMUOD, "$00T "ONRWOQ ‘X PUR ‘MOPDSEN
€ uossapuy W TRUIRD L Aum M ‘HA0Q "Q ‘Weyuag "D PURI3AT F O SWRIIM

eI Py .
7 sape r SI3YIO DA

UORRPISAPOIT JORITUY § MGUIY

“Cr-v J308g "OIUO "SNQWNIOD “SFALy aed "CO0Z S-Z N[ epNOLS

‘CPURLO "WHSHAWAS UORIpaWa01g 335-u0 PUR MIS UL GIUSABS Sy) 30 s5UIPIaDasy
WL L AUGOE AUS UL UR A 2puoiy) AUIA 10 WSIOQWIAWoD HGOIIY SO USIRIUNRUDIGL]
INSSIONS, E0PZ IPEURID "5 PUR UBDY ‘"0 ‘XML T'H 0D "UOSUYS

| D194 ASOA 3001d

Uo|
-MOLI04 B(EO5 1230 "o

J aapRaduu]

vonepsGIpog A,

ET-QE J908d o0 *SARUADD ‘STRUg opaned “SPLNOIWID)D UTIPESYY
PUR POIGUROIUD JO UORRIPIWRNY U0 32U JUOD) IRUOREWATU] YILNo4 M) JO «OSvuuuo..a
S VORRIPSWDY IPLIOIUD JAULA PRse-uaBAXO. “p00Z “MRUOCQG ‘Y PUT ") ‘POOMIRH

34 Wik ..
/ 3apeaguuy 19 A

LoR2PIBIPOI HRUSY

‘»1-0F rdeg “oIO

‘ENGUINAD ‘SSAud HIINFY spUNOdWDD) JULARIRITY PUR PRIRUPOILD JO voIepauRy|. .

U0 FAVAIFPUOD) (FUON AUIIIU] YINOJ R o SOUPIIIOLY IUDGRAL Y vvto_-U 1Ap
IS UL K SPOId ASPAISQ LaBAXD JO LOSLIROWDD. ‘pO0OT “IBIGIN "D pue [ *AbRGaY

1911 Pt o !
J aapeaoyy] b o

voRepestiapoy Nqasey

juny IGseds JUOTO INOQRALGY’ Bu NIFUBUINZ Y Mmm /7 A1y "'Bumaubug OTH|.

JEA 0T 0I5 TIONY /P ROIUMO P/EIO  UINP MM / 12 i3y
04 2-0DS1/RUBWNI0 QG /Bu0  GRMIT Ml 1oy

AAIeAA UL LoD HAUIN

2020 - bujtuedsog

X330 JQOSIRU R IQOTIVSS LORENIGND /A0 LI SYUUS MNP0 LD SESIUS DA maum S/ diny|
1pd-oiqsudoebua /paiau/peojumop /Beroruing 3/ gy

FANEACUUL POUCILD JAUIN

240 - Buituedsog

dud-iazempunod /oNDosd AL SIOUIPS0IQIRED |5 Mmm /1 dTIY *SOIUDIS O 1eQerD]
P MLYE T SURING SSPL0IUMOD LD SADUIDSOITIRGOI6 mmm /1. 1y

aneaduu] [PUOILD JAULA]

Awasgns sueing - butieasolg

29-L0 PN T vopepaway _-spunodwod Huebio)|

FIARIOA O LONRIPILIINIY JO) UIBAXO Yim Buiiredsolg 3o et M3, "TO0Z 12 33 Auads
IMANIIAD S 6uibaed 501BIT ST W OUTILRAGHS /395 /5 N0} UNCPP/SNDA2)/G10 U)
-ny3/fidny

ipd GuiBledsoig /uone| PIWTY MAFDYNIL/BI0 SOOI AUD MMmm/ ity

5040 IBIRS AN O SHRO| LM O P /RIS LN P Mman/ £ 1023y

1P BT WM/SENd /1SNO/ACE a2 mmm/ £ dny

wi Buedsoiq e /1SN0 /A0E edd mmm/f day

IANRRACHUL WPOD ___E_)

Bun Ssedsorg

wucwuwumu_

|

AMune| IUTURLRIUOD|

(‘pIuod) “tuswiean apuofys [Kuia Joj smBojouysa) *1-D 3QEL

T e T E Ve SRy, IS 0

ABojouyddy

(o]



LDEQ-EDMS Document 36531815, Page 72 of 107

o

LDEQ-EDMS Document 36519462, Page 66 of 101

n;ﬂ.xvvcub.:on 35— c!:F.uE mam /) Bp: conn._oakuu SICOP-URNIWIN,
IP;

o0~ muco._uzl.nmcv\u..vawn\auugv.vﬁ.. 80D Ealn\n”:!:aov?oo.vou W MM /Ty
1pd 9007

>usaonavoﬁoNJrzluﬂoru_oneﬁnoEgmcﬁsuEgaES ULSUIEIT) MM/ /281y

DARBASUE

IDHOID YA

dS0-13 - BURRSK (L33

UnY |DCUIR0T AU GoMmISIO MM/ fiduy ‘S30

P BURERH- PUNDID-POOZ /549000 /W00 $21R00SS 2-JOLLIO D0 MMM // 15T

E-vE: (1)92 * SSBud vsio AL | UORRIDIWI

A31empunaub »0) Abnouysal Bupeay nes sseyd-xis jo UOReNKddy, -pO0Z 1T WIWS

1PO° ZBEEET O T/NQRMBIAGEM /SO DANS-ZBEE6 10T LN /RIS A0LQ/A0S 50 MMM/ Al
X LY ROSKEACHSIPN SAA0 31 MU OadD Mman / /1 A1y

WmﬂnanuwgnMNlon g Muord/fue- uu:E!unuwﬂu\\ awp -

JPO BSRUIXISTEAT ISR JIAYL/SI0P T SH L ALOD SHRLLINT MMM/ dul] |

anpeAOUUL

FDHOIUD TAWIA

5yd XS - SUREIH 122HA3DY]

i RLYG" _Etuﬁ.._ﬁ:bnt!.mbcoa PRGN ammm/ S BE
wiy' u_xnhacooeuo\?_oocosw:m\ﬂu:og\?o U= D i/ 0y

- IARRASUMY

SPLIOI JAUIA

" Bunwey wesys

JIURIZEDLL [BULIDNL — JuDuReSJ) N url

PAYS O BA LB AL d nouB SN uSAD R MMM/ /1 IY
URY YD /SNSMILDADE Mmm/ [ Ay "DU) *SROSWY STIIUSAPY
AP LINSUWDND M /SIPY G dnouSsrguanpe mmm/ /- diy

aapeacuu

SPHOIYD [AUA

DHI / UONUEOIIRA FARINPIY

nd vowo?ovm\vamg.cvm\mnan\é!maa%\%u RIS MM/ A1

suogeonddy piny pue SIIUDLURPUNS  SJUBANOS

PIICULIOID JO - LIOIEIDIIIIONG NYS L} OF SHOPOLIDY .nnhusuﬁ 'BO0-00-4-Z¥5 vd3
(spd-sapoeyy

- PUR-59|0DULY - D) - 3{Q042RUY- 33T JV HPI ALIDO QRILU ANS mmm/ [ daTu 40 jpd-soppRIdpuUe
SINOPPUNG S5 D0 UMOP JUORRI BI04 /SURIIIN/STIN POIT/ I Jo SO0 g 33342 mMm/ £330y
¥5 =012 B2 guUORRPAHLAIOIg = FWRNIIOYS?

§~09a>n_nrQo!BBoz AN X3 RIDGOGRM/SITLOS /)1 AU 2520 0u| A3/ £: Y
) ipd-g- mm:ﬂ:wE.Goo\Eo QaMI) MMM/ [ Y

) JMIAIIAD 1D fUIA

10535 M PTBU LI AS Hd0= 5 HUONR) PILAIOID/RS/EMO0) WM, P S OGP/ B0 WP/ - iy
MY LT P/ USRS /T XUIRLI/ACD Sy MMM/ f Y

KUY TE - /PUOIIISS /T XNRWIZACS S MMM /S Aty

aapencuv}

SPHORD IAUIA

uvoneIpRwRng paruayu]y mis-ug| -

LPEQ-EDMS Dooument 35350281, Paga 65 of 102 |

2oudaD Y|

Aaniew|

(‘Puo2) JwswWIEan Spuojya jKula 0) U_mo_wéu# 1-DAqeL

UORRIPOWINIO|E JOIORUY ~ JURUQEIIL IS U
weunueuo)|

ASojouyday

C6



LDEQ-EDMS Document 36531815, Page 73 of 107

LDEQ-EDMS Document 36519462, Page 67 of 101 I

LDEQ-EEME Document 35550281, Page &6 of 102

00" - QI ST ANLOOO D /0 " QIMAIL MMM/ [ Y aafleaouu} FOLOND 1AUIA W0Z IALDETY WOPILISS d.nEﬂtu .w.u.s .
E.u tan_unu.ﬁﬂ.,.:tv. MIAAIPURLLSY L ISMINSSIDNA0Y BI0 UHNP mamm//dy
Sp0 GURYZ/Z D2 DT T /SANURIALRGW. DG HUGNT JEI0 PL "mmms/iduy|  © sapesouur] - SONGID AUA ] aressoueN @Rw Ays-ul]--
- dpd SR SIBRUSWIPIS/NUawWnG00 /B gaman) mmm// day | -
‘B1-vi J0Rd OUO "SNQUIMoD
S53ud IMIIne “SPUNOHWOD JULHENEIY PUR PMRULO|LD) JO UORRPILITY U0 SOUIIUOD 9% gm sampn o> @ vost woreAz] ..
IQUORRWIITUT YMNGY 310 J0 SEUIPII00Ld . PUEs pajeubudws-woa] Bush Adcieioqey| / Asesoge) 5 "33l 396 "IN vogs
U] JWRMUNTL) JURLUALRILGD SARINPIHFANGLCSQY, 4002 “JIPOIUDS ‘O pUe °Q "0
"9Z-VE ey OMO ‘SNGUIMD) SSud JuIneg :aﬁuﬂ“”
"SPUNOJWD) JURAPIZIIY PuR PIIBPUKDIYD) JO UCARIPMUIY VO IDUDIIG) IRUDHIBWANUL e . o e
YHNog 1A Jo sBUPIRD0Ld . SWAL JUIAIDS DI RUMORD I@a2) 01 BULNDR0IDAY cEm.uE..._ﬂﬂk LAY *IA voqIes § LU 1y 2
AQ wJH3 JO WIS, "POOT “UPIIS 'Y Hue RN L M "G W wosdin] T, ozuuwccs.
JULY U0 JUSRCA CIBZ ™ KOS AU0D SIBOIOULIDISIR MMmm/ /2033y U] “S9|D0IOUIRDIL SYY oo er i
_ IPO-S2ud -AZ AR B U MAICIINE R TGIn/aI R AARU 35U DAL idgy]  BAAEEAOUNT SPHOID [AUA XCu3d 1 HARA-QIBZ
Gy A TdIPALOI RUISORS MMM/ - AL DT BUISDID
Ipd-ZBURYZIM fOuRu/ND UBIURN mmm/ /3y
G 1= IP0RdPIAZN = JRNUOYGI
bed0begARis|0/eM/9/@0m QIMAD/I%D SB[QOGIM/SIALIS Al AARU 25U "ClALS/ /1Ay
PO € LSS T-TNNAS/SHOIS T IEN Uy Suud e/ suones g nd fujew /Aol ud mmmsf dizy —— oo T ) oy woreAPZ

19A-3UlNDORTT ULINDT SO 02T 0T /PG /OOy SHIOM fSLOEq N /130U /ACD" da 53/ /- awy

WY AreQuUII D AU /A0 PN SR 0 M Mmm/ ATy

FLY Y]

MON1D/sIPpIeadS §>_G«ummm$u3ua:=on\uﬂm\ma£ TNRGIP/ERO0UPA B0 LN/ 1Ay
LR T -/ PUD{005 fE X IR/ ACD ) M/ Fdu3y

DIUDIDIDY _

3_..:-@2_

15)11e0I0AROEE H DS WIS g ERuSUREo AN AUSILT
weuwejuod| ABojouysay

(-p1uod) -r1uIUNEIL) IPLIOJYD (Kuta o] saBojouy3a] ‘|-D QL

cI



LDEQ-EDMS Document 36531815, Page 74 of 107
" LDEQ-EDMS Document 36519462, Page 68 of 101 ¥

LDEQ-EDM5 Document 35950281, Page €7 of 102 °

Appendi;( D

Remediation Paraimeter Estimates For Scoping Calculations



LDEQ-EDMS Document 36531815, Page 75 of 107
LDEQ-EDMS Document 36519462, Page 69 of 101

LDEQ-EDMS Document 35950281, Page 68 of 102

A . Appendix'D
Remediation Parameter Estimates For Scoping Calculations

Remediation methods must address the contamination in the setting defined by the conceptual
model (Section 2.1). Using the conceptual model framewaork, the scale of key remediation-
related pararneters can be calculated and used o assess whether a potential method can
effectively function wnhm this contexy, General scale paramelers are presented here for use in
the evaluation process described in Section 4 of the report and in Appendix G,

The physical size of the treatment volume can be quantified in terms of how methods would be
applied where water wellsiare required as part of the application. Fora single water well,
volumes and groundwater trave! time as a function of radial distances are important to consider
for evaluating remednauon operations, Table D-1 shows the aquifer volumes and groundwater
volume as a function of mdlal distance from a well and the time required to either injeci or
extract the groundwater volume as a function of well flow rate.

The oxygen demand of the groundwater and aquifer solids can be an imporant factor in
considering technologies that rely on oxidizing processes. When reagent is injected in situ,

. oxidant can be consumed by the oxygen demand in the groundwater and aquifer in addition to
the desired reagent use fof oxidation of the contaminant. Ex situ trealment or systems using
groundwaler recirculation;miust alse consider oxidation of constituents, such as iron that may
precipitate and cause l'0ulmg of equipment unless the iron precipitate is pI'Operly considered in
the design. Table D-2 shows the primary oxidizable coostituents of the groundwater and their
oxygen demand expressed in units of mmol/L. of moleculdr oxygen required for complete
oxidation of the constituent. Table D-3 lists the oxygen demand of the aquifer solids as 8
function of radial distance from a well based on the orgamc carbon conient as the primary
oxygen demand for stmng oxidants that may be In]CCled as-part of an in situ remediation
technology.

References
Sposito G. 1989. The Chemistry of Soils. Oxford University Press, New Yark.

PTS Laboratoties, Inc. 2006, GealechnicalAnalysis PTS File 35110, PTS Laboratories, Inc.,
Santa Fe Springs, California,

D.1



LDEQ-EDMS Document 36531815, Page 76 of 107

LDEQ-EDMS Document 36519462, Page 70 of 101 |

l . : . .

LDEQ-EDMS Document 359%0281, Page 6% of 102

. Table D-1. Volumes and groundwater trave) times as a function of radius from a well.
L] .
) Time 1o lnject/Extract Gronndwater Yolume
. {days) "~
4
Aguifer | Groundwater | Well Flow Well Flow )
Radius Volume' |  Volume" Rate: Rate: w';':';g :p‘::"'
(M) (R) . (gal) | 2000gpm | 2,000 gpm ?
oo 4.71E6 | 1.06E7 734 367 245
260 ~ 1.88E7 | 4.23E7 294 16.7 979
300 4.24E7 9.52E7 - 66.1 130 .0
400 T54E7¢ |+ - 1.69E8 17 8.7 392
500 L.18E8 2.64E8 © 184 T 918 61.2
Total ‘
treatment 7.0E9 1.58E10 NA® NA NA
volume . ,
(2) - Computed using aquifer mepgrticﬁ listed in Teblé A-1 {Appendix A).
{b) NA = Not applicable. -
Table D-2," Primary oxidizable materials in the groundwater,
. : " | Molecular ' Oxygen
: Concentration | weight | Cencentrution |  Ozygen demand®™
Comipound ' (mg/L) {mg/mmol) {mM) -stoichiometry | - (mmol/L)
Total Organic Carbon | | 3.2 Cgs™ | 0036 &, - 0.18
Icon(il) C24 56 0.043 - 025 0.01
Methane A 16 0.17. 2 0.34
: . . ~ Total 9.5)
(0) Dissolved oxygenat )0 mUL is equivalent 10 0.3125 mmol/L of oxygen. ’
(t) Bosed on using butyrote lo represent the nature of the dissolved organic carbon.

i
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1

a ‘ Table D-3. Oxygen demand of aquifer solids for the measured average value of the fraction of
: orgamc carbion (f.x) (PTS 2006). :
. - ' < Massof | fu=00019 - | f.=0.0019
lVoluu'u: of Aquifer Mass of Orgenté’ Oxygen -
Radius . Aquifer Solids Carbon " Demand™
@ 1) g | G | (mo)
100 L '4mEs | 240E8 |, 46ES 2267
200 p L88E7 | 96IEE | 18E6 8.6E7
300 - | 42487 216E9. | 41E6 1.9E8
400 | 7.54E7 IB4EY | 7JE6 - 34E8
500 | 1.18E8 600E9 | . LIE? . SA4E8 -
Total- N ‘ : g
N ' ‘reatmemt | ¢ 7.0E9 360E11 .| .. 6.JE8 3.2E10
o ‘ volume. { I _
) (@) " Colculetions bnﬁed on complete oxidation ol’orgumc cetbon. The composition of the
organic carbon was laken ns the average composmon (mdlecular. formula) of hu.nuc acid
- 1eported in Sposito (1939) : N o

&

D3
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Appendix E

Site-Specific Approach to Meet the Objectives of the EPA
" Monitored Natural Attenuation Directive

The U. §. Environmental Protection Agency (EPA), (hrough the OSWER Direclive 9200.4-17P
(EPA 1999), describes lhenframework for implementing Monitored Natural Attenuation (MNA)
in the section titled “Implememanon " While the details of a site-specific approach to implement
MNA would be described in a work plan developed subsequently to the remediation study, Table
E-1 summarizes how a snléspecnﬁc approach can meet objectives outlined in the OSWER MNA
Directive (EPA 1999) as described in the subsection entitled “Performance Monitoring and

Evaluatipn.”

Table E.1, Summary of site-specific approaches available to apply MNA for lhe Plaquemine

Aquifer, |

MNA Objective]

_Site-Specilir Approach -

“Demongrate that natural attenuation
is occurring according o expeciations”

Monitoring locations with observed vinyl chloride
concentrations above the drinking water standard can be used
to determine the trend in vinyl chloride conceatration over
time.

“Deiect changes in environmental
conditions (e.g., hydrogeologic,
geochemical, macrob:alog:cal or other
changes) that may reduce :he efficacy of
any of the narural anenuanon

processes " '

Monitering can inclyde asscssment of geochemical parameters
to augment the cxisting data snd verify that conditions
tonducive to vinyl chloride degradation processes continue in
the aquifer.

“Identify any potentially toxic e ondlor
mobile transformation producls

All ransformation: producls from vinyl chlonde are hon-toxic;
however, redugtive du:hlonnauon of DCE can produce vinyl
chlaride although only in very low concentrations. Monitonng
can include 8]l chloroethene compounds and can track the

conversion of DCE to vinyl chloride.

"Verify thai the plume(s) is not
expanding (either down gradient,
laterally or vertically)

Vinyl chloride is spdradically distributed over the remediation
study aree without a-distinct or typical single plume shape,
Monitoring locations not currently contaminated by viny)
chloride above the drinking water standard surround the aren of
contamination within the remediatian study ares, These wells
can continue to be meonitored as boundary locations to verify
that the vinyl chloride contamination is not expanding.
Monitoring locations at multiple depths in the aquifer are also
polentiaily available,

El
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Table E-1. {cont)

“Verify no unacceplable impact to
downgradien! receptor”

While the City of Plaquemine water supply wells are not
downgradieni of the vinyl chloride contamination (see
Appendix A), sentry wells (0 the north and east of the suppiy
wells can be monitored. There are no other receplors
idemificd, ‘

“Detect new releases of contaminants to
the environmeni thal could rmpacr the
effectiveness of the natural ananualmn
remedy "

Monitoring can be conducted at numerous locations within the
Plaquémine Aquifer for vinyl chloride and other chlorinated

ethene compounds 10 assess any potential indicators of now

release(s) o1 mgmﬁcanl continiing source(s), which could
impact the cMectiveness of the MNA remedy.

“Demonsirate the efficacy of
institutional controls that were put in
place 1o proteci potenital réceptors”

Institutional controls such as notification processes can be
implemented to protect potential receptors. For example,
public notices through mailings, local media, postings, and
electronic communications can be used to provide appropriaie
information.

“Verify atiginmeni of remediation
objectives”

Monitoring can conlinue untif concentrations are a1 ot below
the drinking water standard. The concentration trends can be
reviewed 0t approprinte time intervals to verify progress toward

the remediation objectives with implemeniation of contingency
aclions as required for all or pant of the aquifer.

"Direct quotes from the EPA OSWER Directive.9200.4-177 (EPA 1999), "Pesformance Momlonng and Evaluation”

subsection within the “lmple’mcnlahon section of the directive.

DCE = cis- l,l-dichlomcthcnc

'

Relerences

EPA. 1999. Use of Monitored Natural Attenuation at Superfund, RCRA Corrective Action, and
Underground Storage Tank Sites. OSWER Directive 9200.4-17P, U.S. Environmental
Protection Agency, Office of Solid Waste and Emergency Response, Washington, D.C.
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® - Appendix F
Relative Cost Estimates

This appendix presents relative cost estimates, for the following remediation altemnatives.
¢ Monitored Natural Attenuation
* Pump-and-Treat |
* I Situ Aerobic Bioremediation
* In Situ Anaerobic Bioremediation
- Cost estimates were assembled based on the approach documented in EPA guidance (EPA
i 20003). Costs from RSMeans Environmenta) Remediation Cost Data-Unit- Price (ECHOS 2005) -

were used and were adjuslcd to 2007 costs based on the Chemical Engineering Plant Cosl Index
(CEPCI 2007), ' Where needed, certain costs were obiained from vendors.
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) COST B3TIMATE SUMMARY (uarts 1) .
Mogitared Natura] Arsnnstion )
shy: Phgixe ) v Naore) s > B
. Lareim: Ll § New dinch Menitaring Welh, 30 welh tampled
. ' P, Srvesivg (3% to 100K} Quaniaty Moxitoring :
R . Bew Yar: 1O . . S roview cyche
., Dete; Aprl iy 2007 Opersting Deontion: 10 yean (oo l) .
, i .
: CAPTTAL COSTS: , )
) DESCRIFTION cry UNTT UNTTCOST  TOTAL NOTES
. + N .
Mabimtio/Droabizatisy ’
Onil) Rig MobDengh ' | s 3 000 § 00
Coxrerartico Repon )t s H BOw 3 1500
Site Work
A-dnch taeectoring welh o 230 B 3 wells H nee Ny
ity Test & MNA Evabhory I 16 § WO000 § 000
Tresteee! Syarvm
No Trestment
" : SUBTOTAL DIRECT CAMTAL COSTS ‘ $ Onom '
T Coafingeary 1% ] 000
TOTAL DIRECT COYTY (TDC} : (T
Mexicxing, Pe-Desin 1o ™ 3 Moo
Perminting, Repulstery Contplnee b, o § 0
€oetrection Quaaliey A careerr, Momproes 0N ™ i nom
TOTAL INDRECT COSTS L] 91.500
TOTAL CAFITAL CasTs: T e
1)
Lo ANNUIAL O&M COSTS;
. Well Sepling 1d Asalysis .
Semni-Anous | Motiiocing 30 boeation o tarmphes 100 § 1009
SUBTOUTAL i TLI00
' ,
Contingracy pey 0 1440
. }
. TOTAL ANNUAL O4M COSTS '
PERIODIC COSTS:
. FREQIENCY [
* ' DESCRIFTION (YEARS) UNTT UNTT COST TOTAL NOTES
3oy revicw s s ) 100000 § 100,000
- Well Abedotmeny ‘N L ] 3o 8 14,300 ﬁll!nﬂidﬂmmﬂm
4 PRESENT VALUE ANALYSIS:
TOTALCOST  DISCOUNT  PRESENT
YEAR COSTTYPIL TOTALCOST  FERYEAR TACTOR (M%) VALUE NOTES
o . Capats) Tt 1 &11.E00 § &lia00 1008 3 31800
lo Adtint OAM Coxt [ IS T I} 00 0N F 120
3 Prriedic Cow ' 106,000 § 100,600 088}  § 826 ywrpen
1 Periodic Cont [ 1000c0 8 100,000 0N 3 AR Sypewmpat
13 Perlodic Cax T4 100000 100,000 o SLIES 3-yout repext
n Prriodic Coul i 118300 3% 116,500 L2 L I 4.30) Rrpon, well dcotnitiog
CEEEY ) : Lz
. . ¥ .
TOTAL PRESENT VALUE OF ALTERNATIVE ' . ol ENEYEYT)
TOTAL NON-DISCOUNTED CONSTANT DOLLAR COST 3 1mem
; Co oo , - L
:Cwmmwrunwmw Mu&mm for & mveening-level and for of relative eoat, Porcotish

ey [or ight of v, preparty acqpini
Immﬂwh‘mbpdmnﬂmuwuﬂih@m
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1 Background [nformation for Cost Summary
: Plaguernine Remediation Alternative Analysis
i .
Mlemative: Monitored Natural Apcnualion
DESCRIPTION BACK(‘PROUND
CAPITAL COSTS:

Mabmudom‘l)cmabﬂlzat‘ion
Dril} Rig Mot/Demob

Construction chporl

Nomiral cost for drilling rig mobilization to site.

Report documenling well Jogs, well locations, and well development,

Site Work .
5 4-inch menitoring welly 1o 250 R Cosl to drill and construer 4-inch wells using PVC casing and screens estimaled using
o RSMcans' Environmental Remediation Cast Data-Unit Price (ECHOS 2005).
Treatability Test & MNA Evaluation Cos! 1o conduct laboretory microcosim treatability tests and conduct sn MNA
evahuation according to published protocols and produce 8 monitoring plan,
ANNUAL O&M COSTS:
Well Sampling and Anolysis $1.200 per sample cost per well sumple with analysis costs, sampling labor, data

monagement, QC, and reporting.

. ‘ PERIODIC COSTS:

5-year review ! . Review groundwater monitoring results to interpret progress of natwl oilenuation
processes with respect 1o expectations and remediation objectives and repont findings, -

Well Abandonment T Fill § wells with ncat cemenl grout with waste disposal.
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. , COAY ESTIMATE SUMMARY (oorets 1)
Pump sod Treat . ' )
* The AEzg-eTrem st e e n G aeain st based m e 4, ifice e it o LACIESOP C.L.

. e Piaqoezeine | . Drorvipren: 10 Exowction weils, Déscharge w shvet
Laceiou: Uit | 12-tach wells 130 & by, 130 0 screen imerval,
e Saeezing (- 30% 0 +1 00%) Toal pumping rte 20,000 gpm
Bawe Yoo won -

Duiei Al 18 1007 Thaetion: 13  ervng )
CAPITAL COSTS: ,
DESCRIPTION (14 UNTT UNTT COST TOTAL NOTES
Metillizztea/Desbiitrstion .
Orill Rig Mob/Temob 1 LS 3 wo $ 1000
Pipiag #2d Tratoeo! Cootractn ? LS 5 000§ 130000 tckeks bealth & wlety rod pomits
Comtacton Repan 1 L5 H 100000 § 100000
Stoe Work
1§ d-inch cvenitorieg wells to o 10 wefls 3 Do § 1000
124ech 5§ exoracrion welh 10 230 " wels £ 17300 § 179,000 Suwiniewcirel aqrven
10-inch nrtiine pumps w controky ) paTpe § 0000 5 T0.000 Double 13 23689, 123t
Well Head Procection. " bouses 5 6000 § 60000 Stee] preenyinrered boliing w ped
Elertric Power Supply to Equipoaent l] LS H 42000 1T 611000 Sadject ko ceinicy e ngplia
Well Hewd Phoziing, ooy 10 wells ] 17000 § 170000 inchades roetey, vabvex, and oquipment in pronp house
Pipizg b ) Aress 1 s $ Mo 5 662000
Pipiag is Urbaa Aseas ' Ls $ 00000 § 1010000
Dischargt Pumope 1 Ls 3 162000 3 16200
Effuem Discharge Outfalls 1o Rivey 1 lines $ no0e 3 11,000
Treatowro! Syvtetn
Al Stripper, 05 18-20 19 st H 170,000 % 1700000 Chris Morgan of Crrbemine
Kice Prep. pad Ecsca 1 LS 1 FLY T S iX ]
Anaic Trestmest with Pregxidyrion 1 L$ 3 IMae § 3060000
Anenic Shitge Hiodliag Eqiiprom 1 L5 VM0 § 20300000 Centrifige dewatcriny
SUDTOTAL DIRECT CAFTTAL 0OSTS LI LR T
Coolingeacy 5% 3 94470
TOTAL DIRECT COSTS{TDC) : TRCEXEIED)
 Engineering Pre-Drsigs N T™C 1 D
Enyincering Design 1 ™ 1AM
Pcmmn;. Repednecy Coreplitoor ™m ™C 4
i Quley Asurmcs Mazep so% e 3_2men
TOTAL INDIRECT COSTS $ 0M2
TOTAL CAPITAL COSTS:
ANNUAL OaM COSTS:
FREQUENGY
DESCRIPTION (YEARR) UNIT UNIT CO%T TOTAL NOTES
Extmaction. Air Strippor, Peoging lo A
Treiztacet Equipment Repair b optaode ] 10000 3 50,000
Treannent for Riofouding B yeur ] 40 § 31.500
Elacrvic Powes a1 ooty ] MO0 § 2RI0000 30,03 par WWH, oot iockading A1 e shodge proctisrs
Astruic Freatmen! o year ¥ 63000 3 40000 dloctric powsr inchaded
Arscoie Shudpe Dewttring ] year 1} 130000 5§ 730.000 cloctis powet inchaded
Anseic Shadge Diposal N yout % 350000 5 350000
Mocisoriog (30 welhs} » smgles s 1000 3 30,000
SUBTOTAL i ’ 3 4931000
Contingercy ™% 1 e
TOTAL ANNUAL DM COSTY (35577300
Fpetaotes

I('munmmmpnm(ummmy Mummmdhlmhlmdhmmulmw Peeroris

cou) for right of ways, property scquisit

ad by v mmm::un:hﬁdnhmgmm

I :mmmrumhmdmnuwuunlmhlmmt
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COST ESTIMATE SUMMARY footnate 1)

Pomp sad Tresl
mwrmm-mdwhmpu% o Fiiiy, e infeusible tmcativy crives o LACY) 509 .1,
! Col
PERIODIC COSTS: ,
FREQUENCY
DESCRIFTION [YEARS) UNIT UNTT COST TOTAL NOTES
Five Yaer Review Report L] EA 11 s0,000 § 50,000 | weport ot e of every $th yoar
Adminivetive Menagemes & Qvenight H 10% 9 5.000
SUBTOTAL fos Fivy Your Review [T
Cegotilize Yrowaaes Sysem 13 15 1 0000 3 300009 Remow wquipmcst kd pipicy
Well Abeedocneol 13 well b1 1300 3 13000 Fill 10 wella with Dest cemend grogt with wisit ditpol
Coatingeacy (% of Swn) : B% § 123250 % of decommuissioo activities
Projeet Managemoeus (% of Sen + Cent) low ] TS428 %5 of dew #n tpd cophageucy, phas permity
SUBTOTAL for cloupe § uam
PRESENT VALUE ANALYSIS:
. TOTAL COST DISCOUNT PRESENT
YEAR COsTTYYRE TOITALCCIST PERYRAR  FACTOR #0%) YALLE NOTES
¢ Crprtal Comy s . 13507 & I 1,000 § LT
1wl Amaz) O&M Con $. BSM000 1971200 10.967 § 4535000y
] Periodic Cou $ | ssom s 53.000 0868)  § 41643 Soyextevpen
0 Pevipdi; Cont $ 53000 § 55,000 [ %) ] 40,023 3-year report
13 Periodiz Com $ 1 24180 § N L H ] 476.473 D th Ty
' 5 190624590 § 680436
-
TOVAL PRESENT VALUE OF ALTERNATIVE ' [insaml
TOTAL NON-DISCQUNTED CONSTANT DOLLAR QOST 1 108528
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Alternative: Pump and Treat

DESCRIPTION
CAPITAL COSTS:

Mabillzation/Demobilization
Drill Rig Mob/Demob

Piping and Trestment Contractor

Construction Repon

Site Work
10 4-inch maonitoring wells to 250 It

12-inch §§ extraction wells {0 250 ft

10-inch turbine pumps w controls

. Well Head Protection

Electric Pawer Supply to Equipment

Well Head Ptumbing, [hstruments
Piping in Rurn! Arcas

Piping in Urban Areas -

Discharge Pumps

EfMuent Discharge Outfalls to River

Background Information for Cost Summary
Plaquemine Remediation Alternative Analysis

BACKGROUND

Nominal cost for drilling rig mobilization to site.

Procurement of piping and eq1;1iprnem, obtaining access permissions, drilling permits
and health and safety plan preparation.,

Report documenting well logs, well focations, facility as-built drawings.

Cost to drill and consiruct 4-inich wells using PYC casing and screens estimated using
RSMeans' Environmental Remediation Cost Dara-Unit Price (ECHOS 2005).

Cost to dril) and construct l2-i:nch wells using Schedule 80 PVC casing ond stainless
steel screens estimated using RSMeans' Environmental Remediation Cosi Data-Unit
Price (ECHOS 2005).

Estimate for turbine pumyp baséd upon extrepotation of 8" pump cost with |25
horsepower copable of pump hig up to 1400 gpm 8t 8 hend of up to 350 feet water
column using Environmental Remediation Cast Data-Unir Price (ECHOS 2005).

Prefabricated steel buildings piaced over welt head. Cost eslimated from similer
construction ot other PRT siles.

Assumes availability of nearby electric power, Cost estiimate based upon pawer
delivered by new pole-mounted conductor with transformer based upen RSMeons'
Environmental Remediation Cast Dato-Unit Price (ECHOS 2005) ndjusted using
preliminary cost factors to 2007 prices (CEPCI 2007),

Cosl estimate based upon valves, level cantrols, and well-head plumbing cosis
deaved from RSMesns' Emvironmenial Remediation Cost Dota-Unit Price (ECHOS
2005) edjusted using preliminary cost factors to 2007 prices.

High Density Polyethylene Pipe (12 diameter SDR-21) with below ground
installation cos! based upon RSMeans’ Environmenial Remediation Cost Dato-Unit
Price (ECHOS 2005} adjusted using preliminary cost factors to 2007 prices.

High Density Polyethylene Pipe (12" diamcter SDR-21) with below ground
installation cost based upon RSMean!‘ Environmental Remediation Cost Data-Unis
Price (ECHOS 2005) adjusied using prefiminasy cost factors to 2007 prices. Urban
prea installation costs are estinizted to be 20 times higher than trenching in ruro) accas.

Iron/branze pumps with elcetric motors eslimated using RSMeans' Environmenial
Ramediation Cost Dota-Unit Price (ECHOS 2005) adjusted using preliminary cost
‘factors 10 2007 prices. , ] '

Engineering cstimate for simple river outfal] diffuser.
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- Background Information for Cost Summary
' Plaqueminé Remediation Alternative Analysis

Alternative: Pump and Tremt
DESCRIFTION
CAPITAL COSTS (comd): -

Treatment System
Air Stripper, 05 10-20

Site Prep, pad, fence

Arsenic Treatment with Preoxidation

Arsenic Sludge llandling Equipment
Extroction, Air Stripper, Pumping to River
Treaiment Equipment Repair ‘
Tresument for Biofouling

Electric Power

Arseni¢ Treatmeni

Arscaic Sludge Dewalering
Arscnic Sludge Disposal

Manitoring (30 wells)

PERIODIC COSTS: .

Fi\c:e Yeor Review Repon
Administrative Management & Oversight
Demubilize Treatmenl Sysiem

Well Abandonment

BACKGROUND

Cost based upon vendor estimate for packed bed fiberglass sir siripper packoge with

blower and conurols udjusled 1o 2007 prices.

Sile clearing, concrele pad, fencing and gate based vpon RSMeans' Emvironmental

Remediation Cast Doto-Unir Prica (ECHOS 2005) edjusted using preliminary cost

fectors to 2007 prices.

Arsenic remova)] by preoxtdalmn with chlorine and enhanced coagulation and

filtration of arsenic precipilate. Capilal cos! estimated using Technologies and Costs
Jor Remowval of Arsenic from Drinking Water (EPA 2000b) for As costs zdjusted to

2007 costs,

Sludge production rates estimated to be 41.5 toas per day water flow. Equipmenl cost

calculated scaling up cost factors in EPA fact sheeton ccntnfuse thickening and

dewatering (EPA 2000¢).

Five repair episodes per year assumed &) a cost of $10,000 per year based upon

experience with similar systems.

Typical snoual cost for servicing 10 air strippers for biofouling chemical based upon

experience with similar systems.

Power for well pumps, air stripper blowers, transfer pumps ot 12 cents per kilowai-

hour.

Operating & maintenance cost based upan pre-oxidation, coagulation ond filtration

using Technologies and Casts for Removal of Arsenic fram Drinking Water (EPA
20000) for operling cosls adjusted lo 2007 costs. Includes eleciric power costs.

Operating and mazintenaiice cost for dewstering using centrifuge technology based
upon an EPA foct sheet (EPA 2000c) adjusted for 2007 prices,

Sludge disposal costs bosed upon a disposal distance of 20 miles using cosls provided

in Waier System Bvproducts Tr

! Cost Do

and Disp

! (EPA 1993).

$1,000 per sample cost pex well sample with nnaly.sis custs, sampling labos, dota

management, QC, and reporling.

$50,000 per review report based upon nomins) reponting costs for similar projects.

Nominal 10% cost of report preparation,

Order of magnitude engineering estimate from decommissioning of similar

tquipment,

Fill 10 welts wilh neal cement grout with wasic dispusa),
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COOT EATIMATE GUMMARY (loonots 1] B

. [ ,;Slﬂa Arrcblc Blervmyedlation
n_.hsim'unutllnuﬁﬁu b lictdizried (s tw

‘o icphasesmt{ity, smd i e dhracive cilcr of LAC)I09C 3.

T R . : t
o _ thkd '
o S Papczig .

’ Lacsties: Laxaiziasy '

) Drwcriptve: 13 CTicion wells, axyprosie, 8 injoction welly
. ' 12-inch wells 230 & ks, 138 8 werecn tnterval,

¢ Pare: Screczicy (.40% o + 10W) Toau! purping cate 66,000 gz
B Yrar o0 : No Arsesit repoval . i
. . Dutr: ARt 18 7001 Cperwtiag Diwution: § o
CAPYYAL COSTE.
DESCRIFTION ) UNTY IINTY COST TOTAL NOTES
mmmmm. ' ' : i
Dol Riy MobDeaich y u ] 1000 3 1000 .
, Treatunt Cogtractor 1 L3 3 N0 5 130,000 Inchides healdh & tafety and permin
Coestrictioo Reporn ] LS H 10000 1 100.000
Stt» Waek
10 d-inch morstorizg welds o 130 A 10 welh 3 D0 5 2000
1ot PVC extoesion welh 10290 » welly 5 133,000 5 3.049.000 Dachidles breribie morp, contrels
. 12-inch PVC ijoctiog wells o 250 o &, ey $ 0o 3 N2 .
Vel loadPoook - » s 10§ 90 Vel
}:hcnmsu!wnsgm t Ls $ 49000 | 409,000 " Subjeet 5o exitting powrr agplin
Well Head Plaiing, [pmumens ” weldy 1 P00 F V000 Laclodes workz, vaves, end cooioh i veult
. Pipng @ ord e I 5 8 o §  wom
Pipiag & Urbem Artmy 1 Ls [T T I EF. T ]
Discherge Pty ] LS ] A26000 3 42000
: Treatowsd §yskecn
Oxypen tojection n it ] 7000 3 1230000
, i Prep ped. ooy ] LS ] w3 P60
ot . Sardl Fimsiom tor irop pemoval 284 ity ' W06 § 792000 Presnors wind Bhen
N Boostey Ttam{oy Py R 1| aps ] 13000 § 44000
G Trimaftt Tanks ) "o uzky ! neo § 580
SUBTOTAL DIRECT CAMTAL CO3TS [RPRRT S ]
Cenligpency % 36298
TOTAL DIECT COITs (IDC ' $ 114000
- Enginsericy Pre-| on me LI RT: Y- ]
' Enginorciog Devign . [0 ™ t e
. . T Pomifting. Repslsiony Compluo ™ ™ [T
. Cotrmrtics QUETY Anrgs ¢, Macticprraens BI% ™ 3 19051
. TOTAL ONDIRECT CO5TS . 5 RAT0EM
L .
. TOTAL CAPTTAL COSTS:
ANNUAL DA M COSTYS:
Exmaction, Guyprae, Fifuer e, Reiojecy
Treateenl Equipten Repay 12 cpiiodc ] 100§ 10000
. Treareat o Riolictiny . it 5 “ie 3 26100
. Elertric Rowet ) ots [ 69000 5 )FN000 $0NTpey K
: H{0,{30% sahstion) ] months 3 1400 3 106300 L
roo Cispma) [ authy 1) e 3 10200 ‘
Operusiog Labor [] ooaths ) 36000 3 114000 4 perwm @ 330
Moy Mcadwering (30 wells) 360 ciypdes ) 1 1 e )
SUBTOTAL 37 ALMIN
Comtinpoey 2 3 1.008.850
TOTAL ANNUAL O COSTS .
v
Fesotnotey
|cmmbunmwr-hhwmq.num E » woe coady Lo & acrentty, xead for of retathee cont. Potentiyl

comt Ion right of ways, propoTy eoquisiticn, sad B rione

with s KTt G Bt e ded i these scremning-level estimurer,

1 T tie freme for fymem deedyn 1nd inealta (i b ot inchded in (s ek,
. 1
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Po 5iru Atrobl Blorrmediation -

COSY EOTIMATE SUMMARY (movvs 1}

PERIODIC CusTS;

N . . FREQUERCY
L ' - DESCRIPTION (YEARS)
. ' ‘ Denctilize Trptes System ! onex
_ Well Abandocment L]
! Costicgeocy 4 of S} ‘
, Projeey Masagrmens (35 of Sam + Coct )
SUBTOTAL L clonor afey § twscti of openation
PRESENT YALUZ aANALYSIS:
YEAR COSTTYTE TUTAL COSY
L3
0 " CrpinlCon 5 W00
Iw}l Aozl 0&M Ceg I NI
] Periacie Cont LR AT N
| SR Er - FTENT T

TOTAL PRESENT VALUE OF ALTERNATIVE

|
TOTAL NON-DISCOUNTED CONSTANT DOLLAR COST

]
3

]

TOTAL COST
PER YEAR

40,960,664
404,160
1144700

UNIT COST TOTAL NOTES
3 KO0 300000 mmmm
) 10 4 N6300 Fil99 wells with pewt cecret pout

. ¥ 113.000 %4 of &

$ 107000 % ef decomminios srivities
ion v cocting

7 Pl ety
LI .

DISCOUNT PRESENT

FACTQOR (3.0%)

1000
).60%
(1]

F9

VALUE NOTES

§ 054
3 218040
LI 1A )] Dmmumqum
§ anan
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Background Information for Cost Summary

Plaquemine Remediation Alternative Analysis

Alternative: In Situ Acrobic Bioremediation

DESCRIPTION
CAPITAL COSTS:

Mobllization/Demobilization
Drill Rig Mob/Demob

Treamment Contrector
Construction Report

Site Work
10 4-inch monitoring wells 1o 250 O

12-inch extraction wells o 250 A

12-inch PVC injection wells o 250 it

‘ Well Head Protecton

Electric Power Supply 1o Equipment ¢

Well Head Plumbing, Instruments ¢
Piping in Rural Areas

Piping in Urban Areas

Discharge Pumps

EfMuent Discharge Ouifalls to River

BACKGROUND

Nominal cost for drilling rig nobilization to site,

Procurement of application equipment, obtaining access permissions, drilling permits
and health and safety plan preparation.

Report documenting well logs, well locations, reaimen system design documents,

Cost to drill and construct 4-inch wells using PVC essing and sereens estimated using
RSMeans' Environmental Remediation Cost Data-Unit Price (ECHOS 2005).

Cost 1o drill and construcl 12-ioch wells using Schedule 80 PVC casing and screens
estimated using RSMeans' Environmental Remediation Cost Data-Unit Price
(ECHOS 2005).

Cost to drill and construct 12-inch wells using Schedule 80 PVC casing and sereens
estimaled using RSMeans' Environmental Remediation Cost Data-Unit Price
(ECHOS 2005).

Prefabricsted concrete vaults placed below grade based upon RSMeans'
Envirgnmenta! Remediation Cass Dalo-Unit Price (ECHOS 2005) adjusicd using
preliminary cost factors to 2007 prices.

Assumes ovailability of nearby electric power. Cost estimute based upon power
delivered by new pole-mounted conductor with trensformer bayed upon RSMeans'
Environmenial Remediation Cast Data-Unit Price (ECHOS 2005) adjisted using
preliminary cost factors to 2007 prices (CEPC1 2007).

Cost estimate based upon valves, fittings, 2nd well-head plumbing costs derived from
RSMeans' Environmental Remediation Cost Data-Unit Price (ECHOS 2005) adjusted
using preliminary cost (actors to 2007 prices,

" High Density Polyethylene Pipe (127 dismetcr SDR-21) with below ground

installation cost based upon R§Means' Environmental Remediation Cost Data-Unit
Price (ECHOS 2005) adjusted using preliminary cost factors to 2007 prices.

High Density Polyethylene Pipe (12" diameter SDR-21) with below ground
installation cost based upon RSMeans’ Environmental Remediation Cost Data-Unit
Price (ECHOS 2005) adjusted using preliminary cost factors 1o 2007 prices. Utban
area installation costs are estimated to be 20 times higher than trenching in rurn! nreas.

2000 GPM iron/bronze pumps with elecinic moters estimated using RSMeans'
Environmental Remediation Cost Daro-Unit Prica (ECHOS 2005) adjusted using
preliminary cost fectors to 2007 prices.

Enginecring estimaic for simple river outlall difTuser.
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. Background Information for Cost Summary
Plaquemine Remediation Alternative Analysis

* Alternative: In Situ Aetobic Biqrcmédialion

DESCRIFTION BACKGROUND
CAPITAL COSTS (cond):
Trestment System
Oxygen Injection Systern Hydrogen Peroxide addition system consisting of peroxide storage tank, metering

pump, plumbing based upon RSMeans' Environmental Remediation Cost Daia-Unit -
Price (ECHOS 2005) adjusted using preliminary cost fzctors to 2007 prices,

Site Prep, pad. fence " Site clearing, concrete pad, fencing and gatc based upon RSMeany' Ervironmenial
‘ Remediotion Cost Dota-Unit Price (ECBOS 2005) adjusied using preliminary cost
. ‘ factors to 2007 prices, '

Site Prep, pod, fence . Site clearing, concrete pad, fencing and gate based upon RSMeans’ Environmentol
" Remediation Cost Data-Unit Price (ECHOS 2005) adjusted using preliminary cost
factors 1o 2007 prices;

Transfer Tanks i1,000-gallon stee] woter tank for equalizing flow of water. Cost based upon
RSMeans' Environmenial Remediation Cost Data-Unit Price (ECHOS 2005) adjusicd
using preliminary cost factors lo 2007 prices. .

Sand Filtration for iron removal 264 & Automatic Pressure Filters copable of treating 250 gpm with back wash. Cost

based upon RSMeans' Environmenioi Remediation Cost Data-Unit Price (ECHOS
2003) adjusted using preliminary cos factors to 2007 prices.

’ Booster Transfer Pump : 2000 gpm transfer pumps with 100 HP electric motors. Cost based upon RSMeans'
. Enviranmenial Remediation Cost Data-Unit Price (ECHOS 2005) adjusted using
preliminary cost factors to 2007 prices.

Transfer Tanks Single wall steel tanks with 12,000 gallon capaciry. Cost based ypon RSMeans'
Envir ! Remediation Cost Daia-Unit Price {ECHOS 2005) edjusted using
preliminary cost factors 10 2007 prices.

ANNUAL O&M COSTS:
Extraction, Oxygnate, Filter Yron, Reinjest
Treatmen Equipment Repair Twelve repair episodes per year assumed ot a cost 0f $10,000 per year based upon
: experience wilh similar systems.

Treatment for Biofouling Well and piping clean-oul every two months based upon prior expericnce.

Eleciric Power Power for well pumps, 'o'x)"ﬁemtion sysiem, booster pumps for {ilters, and transfer
pumps at 12 cents per kilowati-hour,

H,0, (50% solution) 50% solution of hydrogen peraxide a1 50.35 per pound plus delivery from Mobil,
Alabama sufTicien! 1o provide addition rate of 600 grams per liter of water trentcd ot o
pumping role of 2000 gpm per well.

Iron Disposal , Iron precipitate disposal costs based upon a disposal distance of 20 miles using cosis
provided in #arer Svstent Syproducts Trearment and Disposal Cosr Document (EPA
1993).

Opernling Labor 4320 person-hours pér year 21 350 per hour.

Menthly Monituring (30 wells) $1,000 per sample cost pr.f well sample with analysis costs, sampling labor, data

management, QC, and reporting.
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L Background [nformation for ('.iosl Summary
Plaquemine Remediation Alternative Analysis

Alternative: In Situ Acrobic Biorcmediation

' DESCRIPTION BACKGROUND
PERIODIC COSTS:
Demobilize Treatment System Order of magnitude engineering estimate from decommissioning of similar
: equipment.
Well Abandoumen! ' Fill 99 wells with neal cemeni grout with waste disposal.
1
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COST ESTIMATE SUMMARY ot 1} .
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| Background Ieformation for Cost Summary
' Plaquemine Remediation Alternative Analysis

Alternative: In Situ Anaerobic Bioremediation

DESCRIFTION BACKGROUND -
CAPITAL COSTS:
Mobiliza tion/Demebilization
L . . e ilization o site.
Drill Rig Mob/Demob Nomina! cost for drilling rig mobilization 10 site
Treatment Contractor Procurement of epplication equipment, oblaining access permissions, drilling permits
and hezlth and safety plen preparation,
Constuction Report _ Repon documenting well bgs, well locations, tresment system design
documentaticn.
Site Work '
10 4-inch monitoring weils o 250 ft Cost to drilk and construct 4-inch wells using PVC casing and screens estimated using
, "RSMeans’ Environmental Remedtation Cost Data-Unit Price (ECHOS 2005).
12-inch extraction wells 1o 250 Cost to drill and construct 12-inch wells using Schedule 80 PVC casing &nd screens
estimaled using RSMeans’ Environmental Remediation Cost Dota-Unit Price
' ) (ECHOS 2005). .
12-inch PVC injection wells 0250 ) Cost to drill and construct 12-inch wells using Schedule 30 PVC casing and scieens |
cstimated using R$Means' Environments] Remediation Cost Data-Unit Price (ECHOS
2005). ’ ) '
. Weli Head Protection Prefabricated conerete vauhs placed below gmﬂc based upon RSMeans'

Environmental Remediation Cost Daia-Unit Price (ECHOS 2005) adjusted using
preliminary cost factors to 2007 prices. .

Eleciric Power Supply to Equipment - Assumes availability of ncar-by electric power. Cosi estimate based upon power
‘ : delivered by new pole-mounted conductor with Wansformer based upon RSMeans'
Envir tal Remediation Cost Data-Unit Price (ECROS 2005) adjusied using !
preliminary cost (actors 10 2007 prices (CEPCI 2007).

Wel) Head Plumbing, Instruments Cost cstimote based upon vﬁlvcs, ﬁlﬁngs, and well-bead plumbing costs derived from .
RSMeans’ Environmental Remediation Cost Dato-Unit Prica (ECHOS 2005) adjusted
uising prefiminary cos{ faciors to 2007 prices.

Piping in Rural Areas ) High Density Polyethylene Pipe (127 diameter SDR-21) with below ground .
installation cost based upon RSMeans’ Environmental Remediation Cost Dato-Unit
Price (ECHOS Zl?OS)_ udjusted using preliminary cost factors 1o 2007 prices.

Piping in Urban Arces High Density Polyethylene Pipe (12" dizmeter SDR-21) with below ground

_ifswllation cost based upon RSMeans' Environmental Remediation Cast Data-Unii
Price (ECHOS 2005) adjusted using preliminary cost foctors to 2007 prices. Urban
arca installation costs ore estimated to be 20 times higher than trenching tn rural arcas.

Discharge Pumps 2000 GPM iron/bronze pumps with ¢leciric motors estimated using RSMeans'
Environmenial Remediation Cost Data-Unit Price (ECHOS 2005) adjusted using
preliminary cost factors ta 2007 prices. :

. EMuent Discharge Qutfalls to River . " Engineering estimate lor simple river oulfal} diffuser.
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[Background Information for Cost Summary
Plaquemine Remediation Alternative Analysis

Alternative: In Situ Anaerobic Bioremediation

DESCRIPTION ‘ " BACKGROUND

CAPITAL COSTS (contd):

Treatment System

Molasses Additien System Cost based upon 8000 gallon rolasses slorage tank, piping, feed pump and controls

' tased upon RSMeans' Environmentnl Remediation Cost Data-Unit Price (ECHOS

2005) adjusted to 2007 prices.

Site Prep, pad, fence . Sile clearing, concrete pad, fencing and gate based upon RSMeans’ Environmenial
Remediation Cost Dota-Unit Price (ECHOS 2005} adjusted using prefiminary cost

' factors 1o 2007 prices.
Transfer Tenks 11,000-gatlon steel water tank for equalizing flow of water. Cost based ui:on

RSMcans' Enviranmental Remjédiarian Cost Data-Unir Price (ECHOS 2005) adjusied
using preliminary cost faétors to 2007 prices.

ANNUAL O&M COSTS:

Extraction, Subsirate Addition, Reinjecl‘ A
Treatment Equipment Repair . Twetve repair episodes per year assumed ot a cost of §10,000 per year based upon

\ experience wilh similer systems,
. . Treatment for Biofouling Well and piping clean-out every two monihs based upon prior experience.
Electric Power ' Power for.wel] pumps, molasses feed pumps, transfer pumps at 12 cents per kilownts-
hour.
Molasses " Molasses a1 $137 per ton delivered sufficicnt to provide addition cate of 250 mg per
_ liter of water treated g1 a pumping rote of 2000 gpm per well.

Operating Labor 3240 person-hours per year at $50 per hour.
Monthly Monitoring (30 wells) : $1,000 per sample cost per u‘velll sample with enalysis costs, sumpling tabor, data

management, QC, and reponing.

PERIODIC COSTS:

Demobilize Treatment System Order of magnitude engincering estimale from decommissioning of simitar
equipment.

Well Abandonment Fill 99 wells with neat cement grout with waste disposal.
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..' _ Appendix G
Scoping Calculations for Technologies

This appendix presents details of scoping calculations used for the pump-and-wreat (PRT),
chemical oxidation, in situ aerobic bioremediation, and in situ anaerobic bioremediation
technologies. :

G.1 Pump-and-Treat

Pump-and Treat (P&T) systems physically extract or remove groundwaler from the aquifer. The
extrocted groundwater is then treated as needed to remove contaminants and other constituents in
the waler that are not suited or re-injection into the aquifer o to be discharged to surface water.
The well network design for a P&T system must consider capture of the groundwater in the
presence of the regional gradient, effects of water recharge boundaries such as the Mississippi
River, appropriate re-injection or discharge of treated water, and logistical constraints for well
and treatment system location (e. 8., city infrastructure, private property). For scoping
calculations, a P&T system using groundwater extraction followed by surfece water discharge
was assessed. However, the scoping calculations for caplure with a recirculation (extraction and
re-injection) system were also conducted because this type of system is relevant oot only 10 a

. P&T system but also to the altematives that require distribution of additives within the aquifer.
The calculation for the effectiveness of capture of contaminated groundwater is important for the
spacing distance of extraction wells in the system design. Calculations based on mathematical
retationships between p\impi'.ng rates in wells and the resulting influence on the aquifer were
performed to assess possible extraction well spacings for the design of the sysiem (Cohen e\ al,,
1997). The results of these calculations are described in the following paragraphs,

An extraction rate of 2,000 gpm per well was used for P&T system calculations. Whiteman
(1972) provides a lisi of pumping wells and their extraction rates within the Plaquemine Aquifer.
These data indicate thal'a 2,000 gpm extraclion rate {rom a 150-f well screea interval is within
the midrange of extraction well performance for the aquifer. The relatively high extraction rate
for the P& T system was selected based on the premise that the P&T system would be designed
1o remediale the aguifer in a short period of time compared 0 the timeframe for natural
altenuation. That is, if the P&T system remediation timeframe is not beuter than the narural
attenuation remediation timeframe, then the additional effort associated with implementing the
P&T system would not provide added value.

Using an extraction rate of 2,000 gpm per well, the well spacing between extraction wells was
estimated for a conf’med aquifer at two regional gradients of 0.00042 f/ft and 0.004 R/t using
the aquifer properties ]lslcd in Table A-| (Appendix A). The lower gradient assumes that water
will be extracted and dl;posed at the surface (e.g., in the river). The higher gradient was
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. estimaled based on assuming the paired injection/extrection well lines configuration are 2t a
distance of 2,000 i between lines with approximately 8 ft of head difference between the
injection and extraction locations (i.c., a groundwater recirculation system). For a recirculation
system, injection wells would re-inject water at a rate of 1,000 gpm per well (well capacity for
injection of about one half of extraction rate per Driscoll [|986]) Capture analysis for a line of
wells perpendicular to the reglonal gradient was conducted for the two scenarios described
abave, For the average regional gradient of 0.00042 f/R (extraction and surface disposal), an
extraction well spacing of 2,000 ft between wells provides capture if the well line contains at
least four wells. For a gradient of 0.004 R/t (recirculation system condition$) an extraction well
spacing of 600 i between wells provides capture if the well line contains at least four wells.

A P&T system based on extraction of groundwaler, treatment, and then discharge to the
Mississippi River was used as the conceptual design for evaluation of the P&T allemative. If
freatment is necessary 1o meel discharge requirements, treatment of water at the surface would
consist of an oxidation pre-treatment, pH adjustment and reagent addition (ollowed by
flocculation and clarification systems to remove arsenic precipitate and other suspended solids,
and air stripping to remove vinyl chloride, The arsenic tréatment system would be based on a
recent EPA document describing arsenic treatment technologies (EPA 2002). Use of air
stripping would be a presumptive remedy to remove vinyl chloride from the water. The purpose
of this treatment would be to clean the water sufficiently so that it could be discharged to surface
water. Potentially, a P&T.remedy could be implemented without treatment of the water prior 1o
] discharge into the Mississippi River. A permit for discharge of water contaminated with viny!

. chloride and arsenic would need to be obtained. Eliminating the aboveground treatment
equipment would decrease the overall cost of the P&T altemative. However, the well and
transfer piping infrastructure would remain essentially the same. Thus, the evaluation with
respect to effectiveness and implementability would not change significantly.

G.2 Chemical Oxidation

For many aquifers, the organic carbon content of the aquifer sediments is an important source of
oxidizable material. The average organic carbon content within the Plaquemine Aquifer based
on 32 measurements equates (o a fraction of orgamc carbon value of 0.0019 g-organic carbon/g-
50il (PTS 2006). :

Table D-3 (Appendix D) éhows the estimated moles of oxidami demand (based on molecular
oxygen oxidation of all of the organic carbon) for the entite remediation study area and for
selected radial distances from an injection point, These estimates equate to a unit oxidant
demand of 0.089 mol-Ox/kg-soil for an f. of 0.0019. For comparison, Schnar et al. (1998)
measured an oxidant demand of 0.025 mol-KMnOu/kg-soil for an f,. of 0.00027 in oxidation
tests at a field test site in a sandy aquifer. Convcnmg the oxidant demand from Schnarr et al.
{1998) into moles of mulecular oxypen and assumlng a proportional relationship to the €, the
measured oxidant demand by Schnarr et al. (1998) is equivalent to 0.131 mol-Oykg-soil for an
foc 0f 0.0019. The unil oxlldanl demand in Schnarr et al. (1998) may be higher than estimated in
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- Table D-3 due 10 the mclus:on of mineral oxidant demand by Schnarr et al. (1998). Using the

oxidant demand estimates from Table D-3, the mass-of a strong oxidant such as KMnOj required
to overcome this demand ang oxidize the vinyl chioride contamination can be estimated. For the

_ total reatment volume, an oxygen demands (as O2) of 31.7 billion mo! (foc = 0.0019) and 8.8

biltion mol (foc = 0. 00027 from Schoarr et al. 1998) equate to approximately 5.7 billion ke and
1.8 billion-kg of KMnO‘, respectively, required (o overcome the o:udanl demand. .

G.3 In Situ Aerobic Bioremediation

Vinyl cbloride can be directly oxidized by certain bacteria in the presence of molecular oxygen
(e.g., Harunans and de Bont 1992) or can be co-métabolically oxidized by other bactena in the
presence of molecular oxygen and substrates such'as methane, toluene, and phena! (e.g., Chang
and Alvarez-Cohen 1996). For either type of metabolism, & key factor in stimulating microbial
activity in situ is to supply sufficient oxygen to support the microbiial reactions and to overcome
the oxygen demand of the aquifer. Because weak oxidants, such as moleculnr OXygen, are
typically used to support blologlcal activity, the organic carbon content of the aquifer solids
imposes a lower oxygen demand than for sirong oxidants such as permanganate used in chemical
oxidation. However, the oxldfmou demand of dissolved iron(Il), methane nnd organic carbon
must be overcome. The solublluy of oxygen (in equilibrium with air) is only on the order of 10
mg/L or about 0.31 mmol/L. The average dissolved-phase concentrations of i iron(Il) (2.4 mg/L),
methane (2,7 mg/L), and.toal organic carbon (TOC (3.2 mg/L]) in the remediation study area
collectively exen a soluble oxygen demand of 0. 53 mmol/L. Dependmg on the microbial
ecology of the aquifer, methane may not rapidly oxldlze and the soluble oxygen demand would
be about 0.19'mmol/L,

A groundwater recirculation system could be used to distribute oxygen in a treatment volume
within the aquifer. However, ss discussed in the preceding paragraphs, the groundwater may
contain more oxygen demand than can be overcome by oxygen al the ambient-air solubility
limit. Potentially, hydrogen,pemx:de or pure oxygen could be injected to overcome this oxygen

- demand and leave a re51dunl oxygen concentration of near 10-mg/L in the injecied groundwater.

Issues such as fouling from iron would need to beiresolved through removal of the iron prior (o
re-injection, Additionally, a permit for re-injection of groundwater would:be required.
Essentially, similar infrastructure 10 a P&T system for water handling (extraction and re-
injection) would be needed.

Push-pull or direct m]ecl'lon of oxygen relcasmg.agcnls would have only a very small radius of
influence based on the thlckness of the aquifer and the large volume to radial distance ratio. To
distribute an agent o a redius of 20 fi-from the well, assuming that the agent fills 10% of the
pore valume, 40,000 L of agent would be required. Potentially, the movement of groundwater
during seasonal variation in the hydraulic gradient may distribute dissolved oxygen from an
oxygen-releasing agent over a larger volume. The toml mass of agent needed 10 oxidize the
soluble oxygen demand and leave a residual oxygen congentration of 10 mg/L can be calculated
based on the information in Appendix D. With about 0.5 mmol/L oxygen demand plus an
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. _ additional 0.31 mmol/L to provide 10 mg/L of residual dissolved oxygen, about 1.5 million kg of
molecular oxygen additive would be required. If it is assumed that the methane does not create
an oxygen demand, about 960,000 kg of molecular oxygen additive would be required. Oxygen
release agenis have not been applied at this scale. Based on this analysis, use of oxygen refease
agents is considered to be meﬁectwe for volumetric treatment at the scale of the remediation
study. Because there are nd smaller, distinct, high-concentration areas within the remediation
study area that are more typical of the type of conditions for which oxygen release agents are
applied, targeted applimliofns will also not be considered as part of the remediation study.
Therefore, oxygen release agents are eliminated as a remedial alternative.

If methanotrophic baclena (bacteria that use methane as a substrate) are present in the aquifer,
co-metabolic vinyl chloride degradation may occur. The methane already dissolved in the
groundwater may be sufficient to catalyze this. degradation alter addition of sufTicient oxygen.
There are insufficient data to establish whether more methane would need to be added. For the
purpose of the remediation study, co-metabolic degradation of vinyl chioride under acrobic
conditions was nol considered as a separate remediation technology. Instead, the study evaluated
biostimu!ation through addition of only oxygen to the aquifer. The oxygen-only altemative is
expected to perform similarty to aerobic co-metabolic degradation but al  similar and likely
lower cost due to the need to add only oxygen and not a co-substrate.

G.4 In Situ Anaerobic Bioremediation

. Vinyl chloride can be directly reduced to ethene by some bacteria as part of anacrobic reductive
dechlorination reactions (e.g., DeBruin et al. 1992, Freedmian and Gossett 1989). This
dechlorination reaction is mediated by fewer bacteria! species than the number of bacterial
species that can reduce more highly chlorinated ethenes such as trichloroethene. The
dechlorination reaction also requires that an appropriate substrate is present and that the vinyl
chloride-dechlorinating bactena can effectively compete for the substrate against other
microorganisms that use Lhe same substrate with other electron acceplors. Alteratively, vinyl
chioride can be degraded as a substrate by bacteria that couple oxidation of viny! chloride to
teduction of another anaerobic electron acceptor such as iton(1II) (e.g., Bradley and Chapelle
1997), This type of vinyl chlonde oxidation can occur under angerobic conditions under natural
conditions, and is not necessanly stimulated by addition of any additive.

A groundwater recirculation system could be used to distribute a substrate within the aquifer to
attempt enhancing reductive dechlorination of vinyl chloride. However, the success in
stimulating vinyl chloride dachlonnanon versus other types of anaerobic activity that do pol
destroy vinyi chloride is dependem on the microbial ecology and groundwater peochemistry
{e.g., presence of other electron acceplors). For the groundwater recirculation, a permit for re-
injection of groundwater would be required. ' Essentially, similar infrastructure (0 2 P& T system
for water handling (extraction and. re-mjecuon) would be needed.
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' . : Push-pull or direct injection of long-duration substrates would have only a very small radius of
influence based on the thickness of the aquifer and the large volume to redial distance ratio. To
distribute an agent to a rndlus ol 20 ft from the well, assuming that the agent fills 10% of the
pore volume, 40,000 L of:agent would be required. Potémtially, the movement of groundwater
during seasonal variation in the hydraulic gradient may distribute substrate over a larger volume.
However, the popu!ations of bacteria that can use the substrate will increase over time near the
injection site for the subsl.rate and consume it rapidly before it can distribute beyond the initial
injection zooe. bong-lerrp substrates have not been applied at this scale. Based on this analysis,
use of long-duration substrates is considered to be ineffecuve for volumetric reatment 8t the
scale of the remediation sludy Because there are no smaller, distioct, high-concentration areas
within the remediation study area that are more typical of the type of conditions for which long-
duration substrates are applied, targeted applications will also oot be considered as part of the
remediation study. Therefore, long-duration substrates are eliminated as 2 remedial alternative.
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Appendlx H

Data for Arsenic Valence State

This appendix lists the available data for arsenic jon in the +3 and +5 valence states. This
information provides imiéht into'the oxidalionlreductionicondilious in the aquifer. Reduced
conditions are indicated when arsenic is primarily in the +3 valence state. Predominance of
arsenic in the +5 valehce stale would indicate more oxidmug conditions. Daia presented below

indicate generally more reduced condluons
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Table H-1. Arsenic ion (+3 and +5 valences) data.

' SampieR|[[Sample]| Sample ., m _
. h@?t%i Pl Koy e "QU”DLEO:U:ah:ﬂe: r:

WCAS | 7/12/2004 [DEC A TRG _jArseric (+3), Dissotved 02 '{ 121 ’ ppb
WCAS | 711272004 |DEQ A TRG [Arsanic (+3), Total 02 | 138 | . ppb
WCAS | 771272004 |[DEQ A TRG |Arseric (+5), Disscived 0.5 "08. ppb
WCAS | 7/12/2004 [DEQ A TRG |Arsenic (+5); Tolal ] KR ppb
WCAS | 7/12/2004 |DEQEE | TRG Jamenic (+3), Dissoived 0.2 | -883 ppd
WCAS | 7/12/2004 IDEQEE | TRG [amsenic (+3), Dissoived 0.2 871 ppo
WCAS | 7/122004 |DEQEE | TRG [Arsenic (+3}, Total’ 0.2 | 768 ppb
WCAS | 7/12/2004 [DEQ EE | TRG |Arsénic (+3), Totat 0.2 7.63 ' ppb
WCAS | 7/12/2004 [DEQEE | TRG |Arsenic (+5). Dissolved 0.5 1 pph
WCAS | 7/72/2004 [DEQ EE | TRG |Arsanic (+5), Dissoived 0.5 ND ppb
WCAS | 711272004 [DEQEE | TRG [Amenic {+5) Total 0.5 5.1 ppb
WCAS | 7/12/2004 [DEQEE | TRG |Arsenic {+5), Tolal 0.5 57 ppb
WCAS | 7/12/2004 |DEQP- | TRG_[arsenic (+3) Diasolved 0.2 116 ppb
WCAS | 7/12/2004 |DEQ P TRG |Arsenic (+3), Total 0.2 . 14 ppb
WCAS | 7/12/2004 JDEQ P TRG |Amenic (+5), Dissoives 0.5 ND ppb
WCAS | 7/12/2004 |[DEQP TRG. |Arsenic (+5), Total 0.5 24 ppb
WCAS | 7/12/2004 [DEQV | TRG- {Ananic (+3), Dissoived 0.2 214 ppb
WCAS | 7/12/2004 [DEQV TRG [Arsenic (+3), Tolal 0.2 229 ppb
WCAS | 711272004 |DEQV TRG " |Anenic (+5), Dissoived 0.5 1.5 - ppb
WCAS | 7/122004 IDEQV - | TRG |Aruenic (+5), Total 0.5 1.3 ppb
WCAS | 7/7/2004 JEPA TRG |Amsanic {+3), Diasolved | 0.2 10.1 ppb
WCAS | 7/7/2004 |EPA-1 TRG, |Arenic (+3), Total - 0.2 10.6 ppb
WCAS | 7/7/2004 [EPA-1 TRG |[Arsonic {+5), Dissoived 05 | 21 | ppb
WCAS | 7/7/2004_|EPA-1 TRG. |Arsenic (+5), Total .05 "2.3 - ppb
WCAS | 7/772004 [EPA-2 TRG |Arsenic (+3), Dizsolved 0.2 8.26 ppd
. WCAS | 77712004 |EPA-2 TRG |Amenic (+3). Yotal - 0.2 383 ppb
WCAS | 77712004 |EPA-2 TRG Arsonic (+5), Dissoived 0.5 1.5 ppb
(WCAS [ 77772004 |[EPA-2 | TRG fArsonic(+5). Total 0.5 5.3 Ppb
WCAS [ 7/7/2004 |EPA4 TRG [Arsenic (+3), Dissohvod 0.2 388 | . ppb
WCAS | 7/7/2004 |EPA4 TRG |Amsenic (+3), Total 0.2 39 ppb
WCAS | 7/7/12004 |EPA-4 TRG |Arsenic (+5), Dissotved 0.5 . 3.3 ppb
WCAS | 77712004 [EPA-4 TRG [Amonic (+5), Tatal 0.5 28 |- ppb
WCAS | 7/7/2004 |EPA-S TRG _|Asnenic (+3), Dissoived 0.2 40,8 ppb
WCAS | 7i7/2004 |EPA-5 FD  JArsenic {+3), Disaotved 0.2 40.7 ppb
WCAS | 77772004 [EPA-B TRG [Ananic (+3), Toiz! 0.2 38.1 ppb
WCAS | 7/7/2004 |EPA-S FO  arsanic (+3), Tots - 0.2 38.6 ) ppb
WCAS | 77772004 [EPA-S TRG |Arsanic {+5), Dissohved 0.5 24 ppb
WCAS | 7/712004 JEPA-S FD  [Arsenic (+5), Dissoived* 0.5 1.7 ppb
WCAS | 7/712004 |EPA-5 TRG  [Arsenic (+5), Total: 0.5 5.1 ppb
WCAS | 77712004 [EPA-S FO + |Ameni (+5), Total 0.5 5 ppb
+ IWCAS | 871072004 |PZ-34 TRG [Arsani (+3), Dissotved 0.1 5.7 ppb
WCAS | 8/10/2004 [PZ-34 | TRG |Assenic (+3), Total 0.1 7.6 ppb
WCAS'| 81012004 |PZ-34 TRG |Assaniz (+5), Dissolved 0.1 0.1 ppb
WCAS | 8/10/2004 [PZ-34 TRG_JAssonic {+5). Total 0.1 - 0.2. ppb
WCAS [ 7/8/2004 [PZ-39 TRG |Arsenic (+3), Dissoved 0.2 5.3 ppb
WCAS | 7/8/2004 [PZ-39 TRG [Arsenic (+3). Total 0.2 53 ppb
WCAS | 7/8/2004 IPZ-39 | TRG_[Avenic (+3). Divsaived 0.5 * ND ppb
WCAS | 7/8/2004 |PZ-39 TRG '|Arsenic (+5), Total 0.5 ND ppb
WCAS | 7/8/2004 |PZ-40 TRG [Amenlc (+3), Dicsolved 0.2 ND ppb -
WCAS | 7/8/2004 [PZ40__ | TRG |Amsaic (+3), Tota 02 | WD 1 ppb
WCAS | 7/8/2004 |PZ-40 TRG [Arsenic (+5). Dissoivod 0.5 - 46.3. ppb
. WCAS | 7/6/2004 |PZ-40 TRG |Arsenic (+5). Tata) 0.5 6.6 ppb
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Table H-1. cpnld.

Sample
Type

[ )

IPQ: U! MBL!

)

WCAS | 7/612004 |PZ42 | TRG |wmenc(3jTom | | 02 | NO ppb
WCAS | 7/8/2004 [PZ-42 TRG [Arsenic (+3) Total 02 | ND ppb
WCAS | 7/8/2004 |PZ:42 TRG |Assenic (+5), Total 0.5 ND ppb
WCAS | 7/8/2004 |PZ2:42 TRG |Arseric (+8). Total 0.5 | NO ppb
WCAS | 7/8/2004 |PZ:43 TRG |[Arsenic (+3), Dlssobved 0.2 351 ppb
WCAS | 7/8/2004 |PZ43 TRG [Arsenic (+3), Tolal ¢ 0.2 35 ppb
WCAS | 7/8/2004 [P2:43 TRG [Arsenic {+5), Dissalved 0.5 2.3 ppb
WCAS | 7/8r2004 [PZ:43 | TRG [Arsenic (+5), Towl | 0.5 28 ppb
WCAS | 7/6/2004 |Sentinel 1] TRG [Arsenic (+3). Dissotved 0.2 4.34 pph
WCAS | 7/6/2004 |Sentinel 1] TRG |Amenic (+3). Totd 0.2 4.21 ppb
WCAS | 7/6r2004 |Sentinel 1] TRG [Asonkc (+5), Dissoived 0.5 1.1 pph
WCAS | 7/6/2004 [Sentinel 1] TRG [asente (+5), Tota | 0.5 0.8 b
WCAS | 7/6/2004 Sentingl 2] TRG jAsmanic (+3), Disscived 0.2 13.4 ppb
WCAS | 7/6/2004 [Sentinel 2] TRG lAmenic (+3) Totsl | 0.2 13.7 ppb
WCAS | 7/6/2004 |Senlinel 2] TRG [Amenic (+5), Disscived 0.5 14 ppb
WCAS | 7/6/2004 |Sentinel 2] TRG jArsenic (+5), Tots! : 0.5 1.2 ppb
WCAS | 7/6/2004 [Sentinel 3] TRG [amenic (+3). Dissotved 0.2 29 ppb
WCAS | 7/6/2004 |Sentinel 3| TRG [Amenic (+3), Total ! 0.2 2.84 ppb
WCAS | 7/6/2004 [Sentinel 3| TRG [arsenic ¢+5). Dissoived 0.5 ND ppb
WCAS | 7/6/2004 [Sentinel 3] TRG [Amcnic (+5). Total | 0.5 -ND ppb
WCAS | 7/6/2004 |Sentinel 4] TRG {Arsentc {+3), Dissolved 0.2 1,93 ppb
WCAS | 7/6r2004 ]Sentinat 4| TRG jarcenic(+3) Total ! 0.2 2.4 ppb
WCAS | 7/6/2004_[Sentinel 4] TRG Jarsenic (+5). Dissovoi 0.5 0.6 ppb
WCAS | 7/6/2004 |Sentinel 4] TRG [arsenic {+5). Tota) ! 0.5 0.6 ppb
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